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SECTION I

INTRODUCTION

This report, in essence, is a continuation of Ref. 1. 1In this
reference, the concept of dynamic stability for suddenly loaded systems
was discussed in detail, including criteria and estimates, on the basis
of the energy approach, Moreover, they were demonstrated through simple
mechanical models, with finite-degrees-=of-freedom. These models are
characteristic of imperfection sensitive systems, and under static condi-
tions they are subject to either limit-point instability or unstable
bifurcational instability (in both cases, violent buckling). The suddenly
applied loads are of constant magnitude and, in general, of finite duration.
The extreme cases of ideal impulse and constant load of infinite duration
were discussed and presented separately, as well, for two reasons:

(a) the concepts for these two cases are simpler to present and (b) his-
torically these extreme cases were treated extensively by the initial
investigators of dynamic stability of suddenly-loaded structures [2-13].
The methodologies employed by these investigators can be classified into
three groups: (i) equations of motion approach (Budiansky-Roth [3]),

(ii) the phase plane-total energy approach (Hsu [61), and (iii) the poten-
tial energy approach (Hoff-Simitses [2,11]).

The first approach (a) has hnd wide acceptance, because it is well
suited for computer-type solutions. The equations of motion are solved
for various levels of the load parameter., For small levels, the solution
is simply oscillatory; as the load level increases, the motion changes
to distinctly large amplitude (from the initial undisturbed position)

oscillations. The load level at which this change occurs is termed




critical dynamic load. A great advantage of this approach is that it

can estimate the critical conditions accurately, and the loading can be,
in general, time-dependent. Of cou.se, the obvious disadvantage is that
it is extremely difficult and it requires a large amount of computer time
to solve the equations of motion for various levels of the applied load
(constant of infinite duration). The difficulty and the required time
further increase as the load becomes time~-dependent.

The other two approaches can estimate conditions under which the
motion will remain oscillatory about the near static equilibrium position
(lower bound on critical suddenly applied load) or conditions under which
the motion will definitely be of large amplitude (upper bound). Hsu
termed the former a sufficiency condition for stability and the latter
a sufficiency condition for instability. Simitses referred to these two
bounds as critical loads and he termed the former minimum possible critical
load (MPCL) and the latter minimum guaranteed critical load (MGCL)., 1In
many cases considered, the static critical load &s coincident with the
upper bound. Needless to say, that the emphasis of approaches (b) and
(c) is to estimate the lower bound and use this as a basis for design
(whenever applicable).

This report deals primarily with extension of the energy concepts
discussed in Ref. 1, and application of the related criteria to a number
of practical structural configurations, such as frames, imperfect cylin-
drical shells (of stiffened and unstiffened construction) and shallow
arches. These systems also are subject to violent buckling under static
application of the loads.

Moreover, in the last chapter of the present report, the developed

concepts are applied to structural systems which are not subject to
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violent buckling under quasistatic application of the loads. The ensuing
discussion provides the necessary clarifications.

All structural configurations, when acted upon by quasi-static loads,
respond in a manner described in one of the five figures, Figs. l.1 -

1.5. Thesz figures characterize equilibrium positions (structural response)
as plots of a load parameter, P, versus some characteristic displacement,

6. The solid carves denote the response of systems which are free of
imperfections and the dashed-line curves denote the response of the
corresponding imperfect configuration.

Fig. 1.1 shows the response of such structural clements as columns,
plates, and unbraced portal frames. The perfect configuration is subject
to bifurcational buckling, while the imperfect configuration is character-
ized by stable equilibrium (unique), for elastic material behavior.

Fig. 1.2 typifies the response of some simple trusses and two-bar
frames. The perfect configuration is subject to bifurcational buckling,
but smooth (stable branch) ia one direction of the response and violent
(unstable branch) in the other. Correspondingly the response of the
imperfect configuration is characterized by stable equilibrium (and
unique) for increasing load in one direction, while in the other, the
system is subject to Limit point instability.

Fig. 1.3 typifies the response of troublesome structural configura-
tions such as cylindrical shells (especially under uniform axial compression
and of isotropic construction), pressure-loaded spherical shells and some
simple two-bar frames. These systems are imperfection-sensitive systems
and are subject to violent buckling under static loading.

A large class of structural elements is subject to limit point

ingtability. In some cases, unsiable bifu-cation is present in addition
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to the limit point. The response of such systems is shown on Fig. 1.4,

Two structural clements that behave in this manner are the shallow spherical
cap and the low arch. Both elements have been used extensively.

Finally, there is a very large class of structural elements, which
are always in stable equilibrium for elastic behavior and for all levels
of the applied loads. These systems are not subject to instability under
static conditions. Typical members of this class are beams, and transversely
loaded plates. For this class of structural elements, Fig. 1.5 shows a
typical load-displacement curve.

The concept of dynamic stability as developed in Ref. 1l and as dis-
cussed in Refs. 3 and 6, was always with reference to systems which under
static loading are subject to violent buckling. This implies that dymamic
buckling has been discussed for systems with static behavior shown in
Figs. 1.2 (to the left), 1.3 and 1l.4.

In developing concepts and the related criteria and estimates for
dynamic buckling (see Ref. 1), it was observed that, even for systems
whicrh are subject to violent (static) buckling, critical dynamic loads
can be associated with limitations in deflectional response rather than
escaping motion through a static unstable point. This is especially
applicable to the design of structural members and configurations, which
are deflection limited. From this poing of view then, the concept of
dynamic stability can be extended to all structural systems especially
those of Figs. 1.1 (imperfect), 1.2 (imperfect and to the right), and
1.5. Note that from this point of view there is no question of dynamic
instability, but strictly a question of dynamic response in a limited
deflection space.

This extension of the concept will be amplified in Section 5. The

examples and applications chosen clarify the extension. Moreover, the
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problem of a suddenly loaded imperfect column is presented, primarily
because it represents the only system, other than those which are subject
to violent (static) buckling, which has received some attention in the

open literature.
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SECTION II

SIMPLE TWO- BAR FRAMES UNDER SUDDENLY APPLIED LOADS

The Stability Criterion

Consider the simple two-bar frame shown of Fig. 2.1. The two bars
are of the same structural geometry (length £, corss-sectional area A,
second moment of area I, and Young's modulus E). The vertical bar is
supported by an immovable hinge, while the horizontal bar is supported
by a hinge with three variations: (a) immovable (Model A), (b) movable
in a vertical direction (Model B), and (¢) movable in a horizontal direc-
tion (Model C). The external load, P(t) = H(t)P [H(t) is the heaviside
functionl, is applied vertically with an eccentricity e, and it represents
a constant force, P, suddenly applied, with infinite duration. The
transverse and axial displacement components are wi(x,t) and £(x,t),
respectively.

By employing Hamilton's principle, one can obtain the equations of

motion for the system,

ty

s @-u) =0 (2.1)
!

where the functionals UT (total potential) and T (kinetic energy)

are given by

. : 2 2 2
: ) 1 r 1.2 2
UT Lgi, LA PJ =3 151 J; LAE (gi,x + 2 wi,x) + EI wi,xxJ dx
+ 1) [P g () +pew, ()] (2.2)
7
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3 : - 2 2
: ' 1 2 2
T;-gi, v PJ = 3 1}21 fo m <wi,t + gi’t) dx (2.3)

where the indices denote partial derivatives and m is the mass per unit

length, the same for both bars. The equations of motion are:

+ mv =0, 1{i=1,2 (2.4)
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The kinematic continuity conditions at the joint are
wl(z’t) = gz(zat); wz(z)t) = -gl(zvt);
wl,x(z’t) = wz’x(z,t) (2.5)

The natural boundary conditions at the joint are obtained from the
variational problem and by employing Eqs. (2.5), which are independent of

this formulation. These natural boundary (force) conditions are:

2 7 r
I - 1
W] e [H EL Wy (4, - A 8, (4,t)

N

AE L §1’x(z,t) +

2 1 ey =
v, x(z,t)J wz,x(l,t) + PH{t) 0

N

s

AEEgl’x (2,t) + 3 wi’x(z,t)] wl’x(l.,t) - EI wl,xxx(l"t) + AE[gz,x (2,t)

w§ x(z,t)} =0 (2.6)

N[

£

EILwl,xx(z’t) + wz’xx(z,t)é + H(t) Pe = 0

Finally, the support conditions for the three models (A,B and C) are

listed below, as common to both models and those, which are different

Common
gl(ott) = wl(oot) - wl,xx(o’t) - wz’xx(oit) =0 (2.7)
Model A
£,0,) =0,  Uy(0,e) = 0 (2.8)
9
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Model B
: |
§,(0,) =0, ELw,  (0,6) - ABE, (0,) + 2 wi’x(o,:)J =0 (2.9)
Model C
w,(0,8) = €, (0,e) + : wz.x(o,t) -0 (2.10)

The initial conditions must reflect the fact that, the system is at

rest initially (t = 0).

§1’t(x,0) = wi’t(x,O) =0 i=1,2

The solution of the equations of motion, Eqs. (2.4), a system of
coupled nonlinear partial differential equations, subject to the auxiliary,
Eqs. (2.5) - (2.7) and (2.8), or (2.9), or (2.10), and initial conditioms,
Eqs. (2.11), is, at best, extremely difficult. Furthermore, even if the
solution is possible, for various magnitudes of the applied force, P, of
the eccentricity, e, and slenderness ratio, A, a criterion for stability
is still missing. One possibility, here, is to employ the criterion of
Budiansky and Roth [3, which, in this particular case, requires a wise
choice for a characteristic displacement response. Another possibility,
of course, is to employ this criterion in conjunction with an approximate
solution obtained on the basis of either direct variational methods or
methods of weighted residuals [14]. 1In this latter approach, there is
an uncertainty with both the direction and the estimation of the error

involved in the approximation.

10 .




In the light of the above difficulties, a simpler approach, giving
accurate results for design purposes, is needed. The analysis, described
and employed herein, provides an extension of the energy approach as
developed in Ref. 1., This extension is described in the ensuing para-
graphs and, in so doing, criteria and e:iimates are clearly established.

First, by virtue of the initial conditions, Eqs. (2.11), both the
kinetic energy, T, and the total potential, UT’ are zero at t = 0. From
the law of conservation of energy, for this undamped conservative system,
initially stress free, the total energy (Hamiltonian) is constant for
t >0,

" ) ] -
uTLgi, we o P+ T Lgi LA J C (2.12)

’x

where UT and T are given by Eqs. (2.2) and (2.3), respectively, and C
is a known constant (this constant can be made zero by properly defining
UT).

Since T is positive definite, Eq. (2.3), for all kinematically

admissible trajectories, then motion is possible only when UT is non-

positive, or
r ]
Up Lgi, LA PJ <0 (2.13)

Next, let us assume that, at some level of the applied load P = P,
the ensuing motion is bounded, for all kinematically admissible trajec-
tories. Then, for each possible trajectory, regardless of whether it
corresponds to a true trajectory of motion or not, there is a set of

% * -
displacement functions of position Lgi(x), wi(x)J, i=1,2 (because of

11




bounded motion) such that

Up 1850wy 5 Pl=0 (2.14)

[

The collection of all such sets, corresponding to all conceivable,
i kinematically admissible trajectories, forms a boundary, which is char-
% acterized by UT = 0 and it separates the region of UT < 0 trom the

é region of UT > 0. This boundary is dependent upon the level of the

; applied load, P. Because of Eq. (2.13), it has been established that

. motion can only take place in the region characterized by uT < 0. At
this point, note that, regardless of the trajectory, the velocities
(gi,t’ wi,t) are zero and a change in the motion takes place, whenever
the system reaches the boundary described above. Furthermore, the
region characterized by UT < 0 must contain at least one relative min-

imum point for UT, regardless of trajectory and time. It may contain

more than one relative minimum and some other stationary points. These
stationary points are characterized by sets of displacement magnitudes

and shapes, which, by definition, correspond to static equilibrium posi-

tions for the particular value of the applied load, P.

By having set, thusly, the stage, we can now define "unbuckled"

motion (see also [1]). If the bounded region (U, < 0) contains only

one stationary point (a minimum) then the motion for this P is called
"unbuckled'". The physical interpretation of "unbuckled" motion corresponds
to the system performing nonlinear oscillations about the corresponding

near stable static equilibrium position. This 1is exuctly the case for

- —————— . —— o =

small levels of the suddenly applied load. The only way the motion can

become "buckled" (unbounded in the sense described above) is if the

12




boundary characterized by the set of [Ei(x), :i(x)} contains an un-
stable static equilibrium position for the corresponding value of the
applie& load. This value of the load represents an upper bound of

all loads for which the motion remains "umnbuckled", and it is called,
herein, critical dynamic load. Incidentally, this level of the load
corresponds to Hsu's sufficiency condition for stability and Simitses'
minimum possible critical load (MPCL). Note that when damping is
present, for loads smaller than this critical dynamic load, the system
is asymptotically stable, because it will eventually come to rest at
the near static equilibrium position.

For the frame problems, under consideration, one needs only solve
the corresponding static problem and compute the value of the total
potential U, at every static unstable equilibrium point. This static
solution is oQtlined below and it is given in detail in [15, 16]. By
dropping the inertia terms, the equations of motion, Eqs. (2.4), become
static equilibrium equations. The general solutions, obtained from
these equations, for the four displacement coﬁponents, Wis §i (i=1, 2),

are computed in terms of simple spatial functions and twelve constants.

Use of the three kinematic continuity conditions Eqs. (2.5), the three

natural boundary conditions at the joint, Eqs. (2.6) and the six support

conditions, Eqs. (2.7) - (2.11), ylelds a system of twelve equations
in the twelve constants, The load parameter, the eccentricity and the

slenderness ratio appear also in these equations. Some of these constants

are zero and the remaining ones, except for two, appear in a linear
sense. Elimination of these particular constants finally yields a system

of, at most, two non-linear equations that relate two constants to the

13
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given parameters. A methodology is outlined in [15] for solving these
two nonlinear equations,

It should be mentioned here that the two constants appearing in
the nonlinear equations are measures of the axial force in the two
bars (ki) [the complete solutions are given in the next section). The

given parameters are listed below in nondimensionalized form

£

w
N
o

;A== (2.15)

(5]
-

where p2 = I/A.

Thus, the total potential, Ups for the static problem may be

expressed solely in terms of ki’ bz, e and A, i.e.

Uy = U (K, B2, e, 1) (2.16)

For any given geometry (e, A), static equilibrium positions are
shown as plots of load parameter, Bz, versus joint rotations (character-
istic displacement - see Fig. 2,2).At every point of this curve, the
value of the total potential is computed. The value of 32 at which Uy

changes from negative to positive corresponds to the dynamic critical load,

B:r Another possible procedure for finding Bir is the simultaneous
D D

solution of the two nonlinear equilibrium equations

aUT
a—k- = 0’ ki = 1,2 (2°17)
i
UT t J1) (2.18)
14




Fig. 2.2. Typical Load versus Characteristic Displacement (Joint

Rotation) Curve.
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subject to the condition that the static equilibrium position, at which

azuT
2 0 i=1, 2
ok,

U,r = 0, is unstable, or

1

(2.19)
2

2 2 2
2 EE P (k)
Vak? 4 Va2 » 9k, d

1 2

Note that Eqs. (2.19) imply that, the conditions for static stability

are violated.

This alternate procedure needs special attention, because it can
easily yield physically unacceptable solutions. These unacceptable solu-
tions arise from the nonlinearity of the problem and do not belong on
the load-displacement curve shown on Fig. 2.2 (physically unacceptable).

The numerical results, presented herein, are obtained from the
first solution, although the alternate solution was employed for spot
checking., Data are generated on the Georgia Tech high speed digital

computer CDC-Cyber-70, Model 74-28.

Summary of Static Solution Expressions
In addition to the nondimensionalized parameters given by Eqgs.
(2.15), the following nondimensionalized parameters are also introduced.
—
X = x/1; w, = v/ = gi/z

2 Sizz
ki = EL i=1, 2 (2.20)

where s1 is the magnitude of the compressive force in the ith bar.

16




With these parameters

problem and the expression

the solution to the corresponding static

for U_ are given below for each model sep-

T
arately.
Model A
k]
,_-_-,1()() = - FX - BI(X)
WI(X) A11 sin klx + A13X (2.21)
i
;Z(X) = - A— X - BZ(X)
WZ(X) = A21 sin k2x + A23X
where
2 2
172 111 sm2kx\.|
Bl(x) =5 ;A13X + 2A11A13sink X + 2 (X + ) 1
; in 2k X
1 2A21 / s 27\
By(X) =3 I_“z3x + 289 A 3510k X + T )J (2.22)
?.- 4 4 2 2) 2
. a ek2 cos k2+ (kl + k2 kIB sink 2/k 1

1

n> kk(k sink. cosk, + k, cosk sinkz) ;

2 2 1

B ek1 cosk + (k + kg - kaz> sink /k
41 k1 k2 (k sink1 cos k2 + kz cos k smki

K’
Apz = kyllky 5 Ay,

and kl’ k2,

2 ., 2
(kl - BT )y

for every value of the applied load, BZ._ load eccentricity,

€, and slenderness ratio, A, are obtained from the simultaneous solution

17
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of the following two nonlinear equations

kZ
2
Au sin k1+ A13 + Bz(l) + ;i =0
(2.23)
kg
A21 sink2+ A23 - B (1) - F =0
The expressions for U,r and joint rotation, ¢, are
4 4 2 4 sin 2“2)
kK A11“1 sin ""‘1)+ 2%y -(1- P
U, = + 2
T 2 2
N
2[ -
+ 2B [e(A21k2 cosk + A23) - (A21 sink2+ A23)J (2.24)
& (1) A lk coskl + A (2.25)
Model B
K
= = o = - .
wl(x) = All sinklx + A'13X s (2.26)
2
k2
= =--%yx- : =
— 2()() 12 X BZ(X) H wz(}() A21 sinkzx + AZI&
where
2 2 .
. in 2k, X, -
1,2 1 11 8 1 >
BY(X) =3 Af,X + 2A A sink X + (x * 5 ).
ka2 sin 2X,
By == (x * )

2




2- 4 2
B~ek., cosk, + k2 s1nk2/k1

2 2

A =

11 klkz(k1 sink1 cosk2 + k2 cosk1 sinkz)

8%ek, cosk, - k> sink

A = 1 1 2 1

21 klkz(kl s1nk1 cosk2 + k2 cosk1 51nk2)

k2
= - 2 2 . 2 = 2 . - -L- -

Ay = “ky/k] 5 k] =B i Ay, = By(1) + —— - A, sink

A

(2.27)

and kz(since for this case k% = BZ) for every value of the applied load, 82,

and structural geometry, E, A, can be found from the solution of the following

nonlinear equation:

.. 2 sin 2k
2, 7, Bt " -2 282 N
kohyriBgy 5 (1 2K, ) - sink, |+ eB7+ k2(12 1,=0

The expressions for UT and joint rotatiom, ¢, are

2 e(A

+ 28 _ 21k2

coskz) - (A21

p = Allkl cosk1 + A13

Model C

- D - - - : =
= 5 X 31(X) 3 W= A, sin k,X

=, = Ay - By (X) ;0 W, = A, X0 + A, X
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(2.29)

(2.30)

(2.31)




where 2 2
kA sin 2k.X
_ 1711 ( 1
BI(X) = X + 21(1
179 ,2 .5 3 2 N
By(X) = 5 |5 Ay X" + 285,43 + AysX)
ki +8%¢ -1
A,, = (2.32)
11 2
kl sin kl
K2 - g2
A = 1
21 6
i+ %@ - 1 B2 - k2
A23 = —_——k1 cot k1 + —
A25 = All sin kl + Bz(l) ’
and k1 is the solution of the following nonlinear equation (for any 82, e,
and A): .
82 - k2 k2+8%c-1) K2
3 ! + 1 K cot k1 - —’2-
1 A
(2.33)
2 2, -
k, + B8 (e = 1) -2 sin 2k, .
- l r 1 : (1 <+ -———1 = 0
4 o ky sink; 7\ 2k .
Finally,
k4 A2 ka . sin 2k
S W § b il A DAY
T 2 2 . 2k, / 21
A 1
(2.34)

+ 252.__5 (3Ay + Agp) = (Ay + A23)J3
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g e e

$ = Allkl cosk (2.35)

1

Numerical Results and Discussion

On the basis of the criterion established, critical loads are
computed for all three frames and for a large practical range of load
eccentricities (-0.01 < e < 0.01) and of slenderness ratios (A = 40, 80,
®). The results are presented graphically in Figs. 2.3 - 2.5, and dis-
cussed separately for each frame (Model).

Model A: The results for this model are presented graphically on
Fig. 2.3 and part of them in a tabular form on Table 2.1. It is
observed that, as in the static case, there is a small positive eccen-

tricity, écr’ such that for e < écr there is dynamic instability, while

for e > Ecr there is not. This écr is A-dependent and identical to the
corresponding static case. For all A-values considered, except A = «,
the difference between eirD and eirst is the largest at e = écr and it
diminishes as e increases negatively. On the contrary, for A — « this
effect is reversed and more specifically, the difference is close to
zero at e = ;cr and it increases as e increases negatively. 1In addi-
tion, eccentricity has a destabilizing effect regardless of the value
of the slenderness ratio. This effect is less pronounced for the static
case.

Finally, dynamic instability, as defined herein, takes place with
a trajectory corresponding to a positive joint rotation ¢. Because
of this, of course, the compressive force in the vertical bar, kl’ is

higher than the applied load, 92, at the instant of possible "buckled"

motion (trajectory possibly passing through the unstable static equi-

librium point),

s




Note that the experimental results of Thompson (A = 1275 [17]
agree very well with the A = » theoretical prediction. The largest
discrepancy between theory and experiment is approximately 1.5%.

Model B: This is the only model, which exhibits bifurcational
buckling (through an unstable branch) under static application of the
load. The results are presented graphically in Fig. 2.4 and part of
them in tabular form on Table 2.1.

It is seen from Fig. 2.4 that the effect of slenderness on the
dynamic critical load is appreciable, while its effect on the static
critical load (limit point load) is negligible. 1In addition, for all
A, except A = =, the difference between the static and dynamic critical
loads is the largest at e = O and decreases as [e] increases. Further-
more, at e =0 and for a given A, except A = =, there are two dynamic
critical loads, one corresponding to a negative rotation ¢ trajectory
(the lower) and one corresponding to a positive ¢ trajectory (the upper).
Definitely the system, for e= 0, buckles in the mode associated with
the lower load and it should be designed for this lower dynamic critical
load. But the results indicate that a small positive eccentricity, in
this case, has a stabilizing.effect, because it forces the system to
dynamically buckle through a positive rotation ¢ trajectory and there-
fore it can carry a higher load. 1In general, though, eccentricity has
a destabilizing effect. This means that as |§| increases the dynamic
critical load decreases.

Model C: The results for this model are presented graphically in
Fig. 2.5 and part of them in tabular form on Table 2,1. The observa-

tions for this model are very similar to those corresponding to model A.




Tableld:

Critical Conditions for A = 80

Model pS k1 k2 Sirn B:rD/B:tst
2.000472588 | 13.350303 | 0.701563 12.7054 0.915
0.0000 13.319785 | 0.709696 12.6625 0.935
-0.0013 13.239899 | 0.732511 12.5486 0.948
A -0.0025 13.170965 | 0.753974 12,4483 0.954
-0.0050 13.040181 | 0.799120 12.2528 0.961
-0.007G 12.946092 | 0.834976 12.1081 0.963
-0.0100 12.819032 | 0.887372 11.9077 0.965
0 8.77116 <37756 8.77116 0.8887058
.002 8.37378 42278 8.37378 0.9010594
.004 7.99803 46167 7.99803 0.8986994
.008 7.31164 521393 7.31164 0.8867721
.010 7.00021 .54887 7.00021 0.8802564
B 0 9.24600 .31035 9.24600 0.9368172
.002 9.05455 .34513 9.05455 0.9554539
LU04 8.88447 .37852 8.88447 0.9606390
.008 8.59210 43900 8.59210 0.9592319
.010 8.46421 46605 8.4662" 0.9558657
0.0004722 1.37022 n 1.27144 0.895
0.0000 1.36547 0 1.26421 0.921
-0.0013 1.35332 0 1.24523 0.939
C -0.0025 1.34319 0 1.22885 0.946
-0.0050 1.32475 0 1.1977! 0.953
-0.0075 1.30910 0 1.1699% 0.955
|1 -o0.0100 129550 ) 0 1 1.14492 0.956
23
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Fig. 2.3 Lffect of lLecentricity, e, and Slenderness ratio, A, on

the Static and Dynamic Critical loads, 92. (Model A)
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Fig. 2.4. Effect of Eccentricity, e, and Slenderness ratio, A, on

the Static and Dynamic Critical Loads, Bz.

(Model B).
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Fig. 2.5. Effect of Eccentricity, e, and Slenderness ratio, A,

on the Static and Dynamic Critical Loads, 82.
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In all three models, when the alternate method was employed, Eqs.

(2.17) and (2.19), in some cases, the results were physically unacceptable.
| This 1s only mentioned here as a word of caution to those who may attempt
to use this particular procedure for estimating dynamic critical loads.

For the systems investigated herein, a less restrictive definition, re-

lated to the boundedness of the motion, may be emploved, which is: an

unbounded motion takes place for that magnitude of the applied load for -

which UT assumes always negative values no matter what combination of

kinematically admissible functions Vi gi can be assigned; Otherwise

the motion is bounded.




SECTION III
STIFFENED AND UNSTIFFENED, IMPERFECT CYLINDRICAL SHELLS
UNDER SUDDENLY APPLIED LOADS.

There are a few publications dealing with dynamic buckling of shell
configurations. Some of them deal with shallow spherical caps (see [12]
for a fairly complete review) and even fewer with cylindrical shells
T4, 18-227, most of which are based on the Budiansky-Roth approach. In
this chapter, the necessary criterion and the related solution methodology
are presented, based on the energy approach [1].

The Stability Criterion

Consider a stiffened, geometrically imperfect, circular cylindrical
shell, (see Fig. 3.1), supported im various ways (all possible boundary
conditions) and loaded suddenly by a set of loads consisting of uniform
axial compression and uniform pressure., These loads may be applied
individually or in combination, but they will be, in general, represented
by a load parameter A. The case considered, herein, corresponds to
suddenly applied loads of infinite duration and constant magnitude.

Since the internal and external loads are conservative, the system is
conservative,

Let u, v, and w be the reference surface displacement component
(see next section) which are, in general, functions of position (x, y, z)
and time, t. Then, the total potential is a functional of the displace-
ment components and their space-dependent partial derivatives. Similarly,
the kinetic energy is a functional (positive definite) of the time-dependent
derivatives. The functional is said to be positive definite if it is
positive for all possible values of the functions in the integrand, except

zero, in which case the functional is zero.
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On the basis of the conservation of energy principle, the total energy

is a constant, C, or

‘- - -

; ~ ;
' UT ‘ U,V,W;)\J +T Lu’t’v’t’w,t-j =C 3.1

where UT and T are the total potential and kinetic energy functionals

respectively and C is a constant as far as buckling trajectories are

concerned. This means that, in the case of uniform pressure on a cylin-
1 drical shell, the breathing mode trajectory carnot possibly be considered
; as an admissible buckling trajectory. The reason for this lies in the
fact that a perfect cylindrical shell with ends free to expand and/or
contract when loaded by uniform pressure deforms in the breathing mode
primarily (primary path), therefore "buckled'" motion cannot possibly
occur through this mode. Then, C in Eq. (3.1) will account for the
potential of the external forces because of primary path modes. Note
that in the case of axial compression C contains the potential of the
axial force in connection with the axial mode (the part of u which is not

w-dependent). This point is further dealt with in a later section.

! Next, define a modified total potential, UT such that

! mod .

‘ Uy, +T=0 (3.2)
{ mod .

!

l where

' =U.-C

! UTmod. T

i . With this modification the criterion becomes identical to that for
the trame problem (Section 2).

i
| \
i The Static Solution

It is obvious from the stability criterion as applied to the case of

sudden loads of constant magnitude and infinite duration, that a complete




static analysis is needed. This includes pre-limit point behavior,
establishment of the limit point and post-limit point behavior. At each
equilibrium point, the corresponding value of the modified total potential
must be evaluated. According to the criterion, then, the value of the
load for which the modified total potentia” in zero at an unstable
equilibrium point (post-limit point) corresponds to a lower bound of the
critical dynamic load.

Consider an imperfect, orthogonally stiffened, thin, circular,
cylindrical shell (see Fig. 1), loaded by axial compression and/or uniform
pressure. Let w°(x,y) denote the deviation of the shell midsurface (taken
as a reference surface) from the corresponding perfectly cylindrical one.
Moreover, let u, v, and w denote the displacement components of the
material puints on the reference surface. The component w(x,y) is measured
from the reference surface in the radial direction.

The nonlinear kinematic relations for this configuration are

(3.3)

+w, W
’y ’x

(3.4)




The relations of the stress and moment resultants to the strains

and changes in curvature and torsion are (see Ref. 23):

4
L}

o [ )
XX Exxp[(lﬂxx)exx + Veyy ex)‘xxuxx..l

N _=E [ve° + (1+h__Je. - e n ]
¥y xxp XX ywoyy yywyy

N =E Ir(l-v)e° |
Xy xxpL xy
| (3.5)
.t EZ ; _lg ox}
Mxx - Dt[(1+pxx) + t2 exxxxJ " xx + v"yy t2 ex)‘xxex
. 12 2 i 12 ° }
M =D{'. +1 QA + = e\ - =
vy Vi T (HRyy) 2 Yy tyy T2 *yyyyy.
Mxy = D(1-v) nxy
where
= -2' = 3 -2' = ,2
Exx Et/(1-v"); D = Et /12(1-v"); kxx Ax(l v )/tlx

= 2 . = . =
Ay "A (Ve o = EL /DL ; and o =EL /DL .

From Eqs. (3.5) one may derive the following expressions for the

reference surface strains

= + + +
€ x alex aZNyy a3nxx aanyy

o =

eyy aszx + bZNyy + b3nxx + b4uyy (3.6)
e = 1 Yy.. =N _/(1-v)E

Xy 2 'xy xy XX




M + 2M +
XX 4 XX XY, Xy Yy,Yyy

where
a, = (1+)\yy)/(yExx ;oA = -vﬁ:Exx ;oay = (1+xyy)exxxxAy
p p
a, = -veyayyﬁa ; b2 = (1+Xxx)AyExxp; b3 = -vexkxxﬂy (3.7)
by = (9 e fa i o = (A )R ) - v

By employing the principle of the statiomary value of the total potential

one can derive the following equilibrium equations

N + N =0
XXX XY,y

N + N =0
XY ,X YYy,y

N - - ‘
-y Wy 4+l )
M R {Nyy(w>y ’Y)J’Y iny(w’X ’x)J’y

-

r -
| (o] ‘ + O
+I_Nxx(w’x+w’x)J’x [ny(w’y+w’y)J’x te

By introducing the Airy stress function, as N = -N _ + F, s N__=F,
XX XX yy® yy XX

and Nx = -F,xy where ﬁxx is the level of the applied uniform axial com-

y
pression, the first two of Eqs. (3.8) are identically satisfied.

Next, by eliminating u and v from the first three of Eqs. (3.3),
employing Eqs. (3.6), the Airy stress function and the last three of
Eqs. (3.3) one can derive the compatibility equation in terms of the
Airy stress function, F and the radial displacement, w. If one expresses
the third of Eq. (3.8) in terms of F and w, the governing equations con-

sist of two coupled partial differential equations in F and w. These

are:
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Equilibrjum

v 1. = (o] - 04 _ -
DLh[w‘ thFJ F,xx/R + Nxx(w,xx + v, ) L{F,w+w]-p=0 (3.9

Compatibility

-1 o
J ' LfF] + Lq[wj + 3L w,w+ 2w J +w, JR=0 (3.10)

where Ly, L, and Lq are differential operators defined by Lg’

LolST = 8138 uxx T 28125 1xnyy + 8225 (3.11)
with
d11 = (1+kxx)/°Exx
p
d, = [(1+xxx)(1+xyy) - v]/a(l—v)zxxp (3.12)
dgp = (WA I/ aE
2 2
! o 12 . St Ay - V)
170 P T2 p”
AA
5 _ 12 ve e X ¢
! hy, =1+ 7 —Y——-ﬂa (3.13)
i _2
; .. L1 eixyy(1+xxx vo)
22 Pyy T 2 o
9 = -vexkxx/a
1y, = (A + A e d  + L +r e 1/ (2a) (3.14)

95y = -veykyy/a
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and I is a differential operator defined by

L(S,T: =S (3.15)

’ T, - ZS, T, + S, T,
xx 'yy Xy ’xy yy 'xx

The total potential expression, in terms of the Airy stress function and

the radial displacement, is given below

1 . 2 2 2
Up =35 ) (ByFSyy + 8yF,  + ByF, F, o+ B,F,xy)dA

xx_ A
P

D 2 2 2
2 jA (alw,yy + oW, xx + abw’xxw’yy + Qhw’xy)dA - j;pwdA (3.16)

+

N 8
- XX (28,F, + B.F, )dA +
ZExxp JA vy 3" 7xx Exxp

TRL ﬁz - ﬁ 2mRLe
XX XX

AV

where ey (average end shortening) is given by

= . I
ey . u, dA/2mRL 3.17)
A
and
|
L By = Ay 3 8 T A By 3 83 = - ey 8, =2/ - V)
f L ee A A (3.18)
@ = h22; @, = hll; o3 = 2v Ll + = ___j%;__IZJ @ = 2(1 - v)

t

Similarly, the expressions for the average end shortening and '"unit

end shortening" at y = 0 are given by

- | 2rR oL -
€av T alex 2mRL IO j; LalF’yy + aZF’xx + 3% yx + a4w’yy
(3.19)

% Vs (w,x + 2w?x)]dxdy
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= 1 oL
= - - |
e a,N YOLaIF’yy + azF

’ x + 83w’xx + a4w,yy

1 'xx L -

(3.20)

'
N

o .
T (w,x + 2w,x)J dx
y=0

Note that e measures the amount of end shortening per unit of cylinder
length, L.

The associated boundary conditions are either kinematic or natural.
Thus, one must prescribe the values of either u, v, w and Wy OT Nxx’
ny, Q; and Mxx‘

Before listing the various boundary conditions, the expressions for
Mxx and Q§ in terms of F and w are given. Moreover, a few explanatory

remarks are presented for certain boundary conditions.

First, the expressions for Mxx and Q; are:

Mxx = Ylw’xx + Y2w’yy + Y3(F’yy - Nxx) + Y4F’xx
(3.21)
_ i~ o o, _ _
Q; (F’yy NXX) (w:x + w’x) + pry(w’y + w,y) Mxx’x mxy’y
where
D . .
Yl = Dhll; Y2 = _2' '33’ Y3 = -33’ Y‘& = 'b3 (3.22)

As far as the in-plane boundary condition at either end one may

write

eithff - or = (3.23)
N _=-N u=
XX xx (u = prescribed)
n terms of the Airy stress function one may write
either or
F, =20 u = prescribed (3.23a)
yy
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From the above it is clear that the true in-plane condition (at one of
the two ends) must be F’yy = 0. At the other end it could be u = 0.
Note that if one assigns various values to u at a boundary, the correspond-
ing load (ﬁxx) is unknown. This approach is not covered in this report.
Finally, if the applied load, ﬁxx’ passes through the reference
surface and the reference surface is hinged (for the simply supported
case), then in this case one may write Mxx = 0. On the other hand if the
load is applied in an eccentric manner then Mxx # 0 but Mxx =+ éﬁxx s
where e is the load eccentricity (if e = 0, one has the usual simply
supported condition).

All possible (extreme) boundary conditions are included in the
analysis and the related solution methodology (including the computer
program). These are, simply supported (SS), free (FF) and clamped (CC)

for all pussible combinations of in-plane boundary conditions (i=1,2,3,4}.

_ 1 F, = Fogy = 0

$S-i; w=10; M =teN ) R - 0 u=0

cC-i; w = W = 0 3. v= F,yy =0 (3.24)
= 4 v=0; u=¢

FF-i; Q* = 0; M__ = +eN
where C = constant

The conditions in u and v can be expressed in terms of w and F as
in Ref. 24. For example, the condition u = C in SS -2 can be replaced
by a condition expressed solely in terms of w, wo, F and their gradients,
This is accomplished by the following procedure:

This boundary condition, SS=2, at x = 0 or L is given by w = 0;
F, =0, M = + eN and u = C. The first two are in terms of w and

xy XX — XX

F. The third one, M, =+ éﬁxx’ from the first of Eqs. (3.21) is

expressed in terms of w, F, and their gradients. For the last one, one
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notes that [see Eqs. (3.3) and (3.5)]

-1 (o] o~ _ _ _
€y =3 (u, + Vi TVt W, 4 w,xw,y] F,xy/(l ")Exxp (3.25)
since F’xy = 0, w,y = 0 because w(0,y) = 0, and u,y = 0 because u(0,y) =¢,
Eq. (3.25) becomes

o
Vi + w,xw,y =0 (3.26)

Similarly, from Eqs. (3.3) and (3.5) one may write

= 1 Oy . ¥
€yy V,y + 2 [w:y(wsy + 2V,y)] R

=aN _+bN_ +bn_ +bn (3.27)
B2 xx 2yy 3 xx 4 yy

This equation, Eq. (3.27), is valid at any point along the shell,

therefore differentiation with respect to x does not violate its validity.
If this is done and if the N's and »'s are expressed in terms of w, F, and

their gradients, one may write

W,

1 o o X
V’yx + ) [w’xy (wsy + zwsy) + w:y (w’xy + zw:xy)] - R
(3.28)
- aZF’yyx + bZF’xxx + b3w’xxx + béy’

Evaluation of Eq. (3.28) at x = 0 or L, and use of the fact that
w,y (0,y) = 0 yields
o
v,yx + w’xyw’y - w,x/% azF’yyx + bZF’xxy + b3w’xxx + béw’yyx (3.29)
Differentiation of Eq. (3.26) with respect to y, yields

o
v’xy + w’xyw?y + w’xw’yy =0 (3.30)
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Substitution of Eq. (3.30) into k3. (3.29) yiclds a boundary condition

equivalent to u = C, or

o

1
bFy ot bW, D -§+v,yy) =0 (3.31)

2" "xxx 3 w’yyx+"’(

4 x\

Similar steps may be followed to express all possible boundary conditions
in terms of w, F, and their gradients. In order to save space, only the
final expression for all possible boundary conditions, Eqs. (3.24), are
given below, which have been incorporated into the comput.. program (see
Appendix A). The condition, shown below, corresponds to uniform applica-
tion of ﬁxx across the cross-section (Mxx = aSExx)'

§8-1 w = Ylw’xx + Y4F’xx = F’xy = F’yy =0

= -+ = =
5§8-2 Yl"’:xx+Y3F,yy Y4 F o x F,xy 0

1 (o)

b F’xxx+ b w’xxx+ baw’yyx + w’x(i + w’yy> =0

2 3

58:3 w = V1¥orx T YaFoux T F’yy B o'bZF’xx FPg¥ax T faNxx

(3.32)

§§-4 w = Y1¥oxx + Y3F’yy+ YAF’xx - aZ(F’yy - Nxx> + bZF’xx

+ b3w,xx =0

r—
[

w
’x

; 1
-w)E .
+ 2/1~v) xpr F,x + b + b Vs ex + b4

vy 2F ? gx 3

.1.°>=
+ w’x(R + w’yy 0

I X Xy yy

CC-2 w = w,x = F’xy =0 bZF’xxx + b3w’xxx =0

CC-3 w=w, = F'yy =0 bZF,x + b3w, = azﬁxx
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CC-4 w = Wi = az(F,y;Nxx) + bZF’xx + b3w,xx =0
A

(3.33)
X 2

L3, + zl(l-v)l-:np_j F,yy 4+ b F,m + b3w,xxx =0

Similarly the FF-1 condition and the symmetry and antisymmetry conditions

at x = L/2 are

___.FF-I Ylw’xx + Yzw!yy + Yl‘F)n = F)yy = F,xy = 0
(3.34)
! i
: et (o)
YaFrmx T Y1"omax LYy + ZD(l-v).Jw’xyy +N (v, -w, ) =0
ymam y = Q" = N = =0
Symmetr (w,x =Q = xy u=0)
= o
= <+ - - =
W:x Ylw’m Y4F9m (F,yy Nxx) W,x 0 (3.35)
0
F,xy = sz XXX -+ b3w,xxx + w’x ’yy = o
Antisymmetry (w = Mxx =y = F’yy = 0)
VI Yo t Y4Foux = 0 (3.36)
F’yy =0 bZF’xx + b3w’xx = a2Nxx

For the case of zero load eccentricity the various boundary conditions

become

881l W m Ve F Yy T Py TFgy = 0
§8-2 w = y,w + v (F -N \ +v,F, = F =0
232 1 3 yy 4 'xx  “’xy
1 o
sz,m + b3w,xxx + l-»‘.w,yyx + L (R + w,yy' 0
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- = - N \ = ( - < \\
SS-4 w Y1¥s 0 + V3(F’yy Nxx + Y4F’xx a, F'yy s
1
+ bZF’xx + b3w,xx =0 -
(3.37)
' -v)E
a, + 2/ (1-v) xx | F,xyy + boF s e + D3 + baw,xyy
1 o _
+ LA <R + w’yy =0 .
CC-]_ w = w, = F’ = F, =0 -
- X Xy yy
CC-2 w = Yoy = F’xy =0 bZF’xxx + b3w,xxx =0
- = = = & = aN
CC-3 w Vo F,yy Ay bZF’xx+ b3w,xx aN__ (3.38)
CC-4 w = Way = aZ(F’y§Nxx' + bZF’xx + b3w,xx =0
. = - } =
L a, 2/ (1 v)Expr F’yyx + sz’xxx + b3w,xxx 0
Similarly the FF-1 conditions are
FF-1 y,w, ++yw, +vy,F, =F, =F, =0
177 xx 27 %yy 4" 'xx yy xy (3.39)
F + v,w + . + 2D(1-v)—w + N (w - A 0
Y4 rxax T Y1 axx T LY2 o' xyy xx\. ’x x

The problem, as formulated herein, is to find the complete nonlinear
response of the shell to externally applied pressure and compression.

This response includes post-limit point behavior or postbuckling behavior,

whichever is applicable, Thus, all equilibrium positions may be presented
as plots of applied load parameter versus some characteristic displacement

(the average end shortening is one possibility). Moreover, at each equi-

Jpwepore

librium point, the values of the total potential and modified total

potential are recorded, in order to establish critical dynamic conditions.
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Solution Mecthodology

The solution methodology described, herein, is an extension of the
procedure outlined in [25]. Therefore, some duplication is unavoidable,
especially in the interest of making this section self-contained.

As seen from Eqs. (3.9) and (3.10), the field equations consist of
two coupled, nonlinear, partial differential equations in terms of the
transverse displacement component, w, and the Airy stress function F,

A separated solution of the form shown below (see [24]), is used in
order to reduce the system of partial differential equations to one of

ordinary differential equations.

X
wx,y) = ' W (x) cos X
i=0
) (3.40)
K
. iny
F(x,y) £,(x) cos =
i=0

where n denotes the number of full waves around the circumference.
The initial geometric imperfection is al:i» expressed in a similar

form
K

[y

Wy = W0 cos B (3.41)
i=0
where w:(x) denotes known functions of position x.

The following steps are employed in order to accomplish the reduction
to a system of ordinary differential equations. First, Eqs. (3.40) and
(3.41) are substituted into the compatibility equation [Eq. (3.10)]. Next,
by employing trigonometric identities of double Fourier series involving

products (as in [26]), the compatibility equation reduces to a trigonometric
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series in igx . The coefficient of each term involves differential opera-

tions on W fi’ and wi. Use of the orthogonality of the trigonometric

1’
functions reduces the compatibility equation into 2K + 1 ordinary, non-
linear, differential equations.

Next, the Galerkin procedure is employed (in the circumferential
direction) in connection with the equilibrium equation [Eq. (3.9)]. This
leads to the vanishing of (K + 1) Galerkin integrals, which results into
a system of (K + 1) nonlinear ordinary differential equations in wi and fi'

These equations are:

(a) Compatibility (2K + 1)

for i =0

A S GRS .
=———|-q W -W/R+—
o d11 11 o (o) 4R2

K
: v"z(w + 2WHW, +aN
TR B

s AN, (4D

§=1
The above equation is obtained from the first (fourth order) compatibility
equation, with the continuity condition on v at zero and 2m satisfied.

for i =1, 2,...,2K

/
1174 R/ 12

2 " 4 -

\ "
{in W, +W, /R

. - nn in®
o4 apg¥y '2( ) RS G TV

R/ q12"":[

a_ N T 2 o
B wE - JtL(“j) 51+j(w1+j + 2wi+j) (3.43)
j=0

2 2 o an
+ @ PUD Wy zw“,”)ij

" o'l 2 "
LMy * M) + Q2 Ty D845 Ty gy
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where

and

+ zw‘l’i_jl)]jzwj + 206 Oy, + 2w1+3)

' o' L
- T‘i.-j‘i-jl6|1'j‘(w|i-j| + zw\i-j‘)]‘]wj} =0

0 4L>K -1 L<O0
T\L= 0 L=0
1 L<s K 1 L>0
L}
=4
() _dx

(b) Equilibrium (K + 1)

for i = 0

e

W, [Dhu

2 1] 2 — n 0"
+ qll/d11] + wo[zqnln du] + wo[l/R . dn] + Nxx(wo + W )

K
2 =
L .: J’L o " n oll
- anz j 'd11 [(wj + zwj)wj + (wj + zwj ) wj
3=1
(3.44)
+ z<w + >w R t<w + 2WDw,] - 200, +w§’)f;'

+(wj +wj )f +z(wj +W ))f ]}

for { =1, 2,...,K

r "n

D hyWy -

2 4 -
/in® " [in)\ ,
AR MMy HUR) By

2
JAnfy - - o4 T q12f + \R> Qpofy *+ £ /R]
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Ep 0] TR (), ) - n [ (B

K
;2
+w‘£)+:4 (Wi+W)AJ(Wj+2W)W
R j=1
2K
2,2 a,N
ni” i ay 2xx _n_ T { ca e 2 o
+ = 2 CH +w1) a, + ") ji‘l L) 814 Wiy ¥ Wiysy)
2 . .2 o "
+ (2 T]j_i)(l i) 6li‘j‘(wli'j‘ + W li‘J‘)]fJ (3.45)

o 2 " o .2
+004y Bpy +HE,) + 2 - M5-20) i g) M gag) + W] g5 20E;

Y
ol

tWigy)

+ 200y Gy

1 "
- Tii_j|i-j\6li_j‘(w‘i_j‘ +w‘l’;_j‘)]jfjJ.\ =0

For a given imperfection and value of the applied load, ﬁxx’ Eqs.
(3.42)-(3.45) represent a system of (3K + 2) coupled nonlinear differen-
tial equations in (3K + 2) unknowns, fi with 1 =0, 1, 2,...,2K and Wi
with i =0, 1, 2,...,K.

Note that by setting n=0, Eqs. (3.42)-(3.45) reduce to the linearized
version of the equations of compatibility and equilibrium. Moreover, it
is seen from Eqs. (3.40) that regardless of the value of n(=1,2,...any
integer) the axisymmetric mode (wo, fo) is represented because the summa-
tion on i starts from zero.

In addition, it is seen from Eq. (3.41) that the imperfection
expression is suitable for the case when the imperfection shape is similar

to the buckling mode, as well as for any arbitrary axisymmetric imperfec-

tion and for any arbitrary symmetric (with respect to y) imperfection.
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In this last case, a solution can be accomplished by setting n=1, [see

Eqs. (3.40)], and by taking K sufficiently large in order to achieve

a convergent solution and have an accurate representation for the imper-
fection.

Next, the boundary conditions (at x = constant), for two cases of
simple supports are presented below.

ss-1 (M = 0)

Wo =0 3 Wy = YN/ M1 = Y491

”
wi = Ylwi + ‘Yl}fi = 0; 1 = 1, 2’ 3'000,K (30468)

f1 = fi =0; i=1, 2, 3,...,2K

ss-1 M, = a3§xx)

"
Wo =05 W= -va N /(vd)) = v,a,)

”n ”"

Wi = Yiwi + y4f1 =0; i=1, 2, 3,...,K (3.46b)

£,=f,=0; 1=1,2,3,...,%
§8=2 M, = 0)

W, = 0; w = =Y 8N /(vidg = Yaayp) t YaN

Yl 1 Y3[N +( f‘—J +Y4f 0; 1=1, 2,...,K
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£,=0; i=1, 2, 3,...,2K

i
K
" w 2 2 —
in 1 ! n T
bzfi + b3wi ( bawi + = R i - ) 3 L{ (i+_j)%li+j (3.47a)
R 3=0

P N @D E =0 s L 2,

Wy =05 W, = =ya,N /03y = Y4910)

”" in\ 2 "

= - (—‘ = . {1 =
W= vy - Vi R By FYE 70 =1, 2,..0K

fi'—'O; i=1,2, 3,...,2K (3.47b)
K
" 2 2 -
{in 1.' _@n” Y.
b2fi + b.’wi ‘\_R baw + = R Wi —2R2 / (1+j) W
3=
2 2 o 1.,
+ (1 - + 1. i- 4. W, =0; 1i=1, 2,...,2K

" -
Wo ™ 05 Wy = =¥48Ne/ (411 = Vo910

” ': 11}
W1 = ylwi + Yl;fi =0; i1i=31, 2,...,K (3.48a)

fi b2fi + b3wi 0; i=1,2,...,2K
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Wo =05 Wy = =va,N  J(vidy) = v49,9)

11

7"
Wy =y +v,f =0 1=1,2,...K (3.48b)

f.i bei + b3wi 0; i=1, 2,...,2K

ss-4 (1 =0

(1} 2_ —
Wy =05 Wy = =Y aN S04y = Y4910 + Yal,

o
viF (1"2 Ty 1, 2
wl \(1 i° S‘_Nxx+ R/ f !+Y4i 0; i » 2,0005K
N +’i“2 | +b,f, 0 1
- aZ.Nxx i_J b f + b3wi » i ’ Z,CQO’ZK
-l-a +2/(1-V)E__ :K >f +bf +b3w1 (3.49a)
K
2 2 K
/in\~ ! 1. ! n~ <
ThR/ M TRML 7 L LG+’ Wiy + O T\

j=0

+1,) Wy Twl oy 1=1,2 2K
i i |i'j‘J j ’ ’ 1000y
|

—

85-4 (Mxx = aSEXX)

: .o. I - .
; Wo =05 W = =y, 3" Sy - v,9p0)
I

2 L

L Y11 Y3kg’f +yf "0 1=1,2,...,K

47




/ in'
- a (T ) £, . +b fi +bW =05 i=1,2,...,2K

2 31i

1)

2
_f . /in\ in
La2+2/(1v)E f+bf +bw b4( )w

\R/ 1 271 31 R i
L 2 %?- (3.49b)
2w =B N i) WO - 2
Ry L i-“"‘J)zwiﬂ + (- My
j=0
) - 1}
+ni) w‘i-j‘J Wj x 0; igl, 2,...,2K
cC-i Wy =W, =0; {=0,1,...K (3.50)
(3=1,2,3,4)
and
CC‘l fi = fi = 0; i = 1, 2,.0.,2K (3.508)
' " m
CC'Z fi = b f + b3wi 0, i = 1, 2,..-,2K (3050b)
cc-3 £, =b, f + b3wi 0; i=1,2,...,2K (3.50¢)
"
cc-4 (i“, £, +byf + b3wi =0; i=1,2,...,2K
‘. - in\2 ' 4 "w
-8t 2/(1-\,)3xx 1;) £, + bf, + b3W =0, (3.50d)

P
£ =1, 2,...,2K

"
Note that Eq. (3.42) 1is employed to eliminate fo from the remaining
"
equations, and there are no boundary conditions with reference to (fo).
Thus, the number of boundary conditions, at the x = constant boundaries, *

is equal to (6K + 2) instead of (6K + 4).
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Similarly, the expressions for the total potential, UT’ average end
shortening, e’ and "unit end shortening'", e, can be written in terms of

fi (i=1, 2,...,2K) and Wi (1=0,1, 2,...,K).

L 8 W
- 1 227 o "t al
R o R SR WAL
0 xX d
11
K 2%
2 -2 . 4
n? T 2 N, 2.1 [ (£> 2
+4R2 /1 ("1+2"1,' Wi +t7 L 1B\T) L
i=1 i=1

+ azf;'z ' 53(%>2f1f1 +8 (m) 2:“ + ”'["'z";2

(3.51)
K
X 4 2
3 2 [e(%) - ay(8),
3 L\TR Wty -y L]
i=1
2 ,2-.
in [
+a( ) ]j-Nxx W (w +2w )
K
1 }“[w' + W0 -] d
M AR LILA R
i=1
L ] TTRLBI
+2ﬂRa3 rwodx-N I
‘o xx Sxx
P
L. s, W
-a® 1 f_2[_° "
, ov °1Nxx+Luro "\du R Y 9,%, *a,N
K
oy 2 Ol - aw
e IR LR U RN (3.52)
" o)

1 ] ' o. 1 2 [ ] [ ] °l
+W O+ 41 2 WO+ WS )} dx
{=1
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L
- 1 ]
e—alex+LJ‘ [d LR+q11wo+aZNxx

0 11
K 2K
2 - = voee \2
a2 o t in
W2 @+ w [+ el T) £
i=1 i=1
(3.53)
K K 2
" (‘ " Y“ (m
mad ey Wyt Ry
i=0 i=1
K K
bl [ B ] ]
+l[\>w_jr W +2w‘?)1dx
2 I § ;, i
. _ |
i=0 i=l

The solution methodology employed is described below, and it involves two
solution schemes, one for finding equilibrium positions up to the limit
point and one past the limit point.

First, a generalization of Newton's method [27,28], applicable to
differential equations, is employed to reduce the nonlinear field equatioms,
Eqs. (3.42)-(3.45) and appropriate boundary conditions to a sequence of
linearized systems. In this method, the iteration equations (linearized
system) are derived by assuming that the solution can be achieved by a
small correction to an approximate solution.

For finding pre-limit point equilibrium positions, the applied load
level, ﬁ¥x’ is taken as known, the linear (n=0) solution is taken to be
the approximate solution, and the small corrections (in wi's, and fi's)
are obtained through the solution of the linearized (with respect to the
corrections) differential equations. Note that, in this range, the stiff-
ness matrix is positive definite.

For finding post-limit point equilibrium positions (in a range of

negative stiffness matrix), the numerical scheme is modified. The load
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parameter, i#x’ is taken to be unknown, and one of the displacement para-
meters wi replaces it as a known parameter. Great care must be exercised

in choosing this W This is done by observing how the various W

L i's
change with E;x changes in the pre-limit point range, and choosing a Wi
that tends to increase in a smooth and continuous manner, but most
importantly is one of the most dominant displacement terms. In this post-
limit point range, the linear solution cannot be taken as the initial
estimate for the needed iterations. Therefore, the last converged, pre-

limit point solution is used as an initial estimate for finding the first

post-limit point solution. From there on, in this same range, the previous

solution is utilized as an initial estimate. Needless to say that this

latter procedure may also be used in the pre-limit point range, starting
near the undeformed position. Unfortunately, this procedure is not very
economical with regard to computer time and, therefore, it is very inef«~
ficient in this range.

It is decided to increase the number of dependent variables from
£

(K +1) (4, W, to (6K +2) (W , Wy,eoWp, £

T‘O’ 7]1)0“’—11(’ gl’...’gzx)
where "
“1"’1 i=0,1, 2,...,K
and (3.54)

g -f j-l’ 2,...,2K

The reason for this reduction of the order of the field equations, but
increase of the number of the field equations, is related to the solution
scheme, which is based on the finite difference procedure. In finite
differences, it is convenient to keep the order of differential equations

as low as possible (first and second order preferably). Then, the
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linearized (in the increments) field equations, Eqs. (3.43)-(3.45), the
transformation equations, Eqs. (3.54), and boundary terms, can be written
in matrix form, as shown below:

Field Equations

(R] (2" + (s {z } + (1] {z} = {g) (3.55)

Boundary Terms

(5] {z'} + (T (2} = (&) (3.56)

where {Z} is the vector of the (6K + 2) unknowns. Note that when the load

parameter is considered as a known term, then

EILICE U TIORGOS S S FUPPRY WY SN SUPR 0 B X1

On the other hand, if a certain wj (chosen dominant term) is considered
as a known term, this wj is removed from vector {zZ}, Eq. (3.61), and it
is replaced by the load parameter.

Also, note that [R], [s], (1], (S], [T], {g}, and {g} in Eqs. (3.55)
and (3.56) contain lknown terms (associated with initial approximate
solution and applied known increments). The ordinary differential
equations are next cast into the form of finite difference equations.
Thus, the linear differential equations, Eqs. (3.55) and (3.56) are
changed into a system of linear algebraic equations. The usual central

difference formula is used at all mesh points, 4, i.e.,

Zy= @y - 2,00/

@.58)

"

2
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Note that, since the second derivatives in wi and fi are taken as indepen-
dent variables, Eqs. (3.54), the second of Eqs. (3.58 1is only applied to
the fourth derivatives of L and fi’

By using one fictitious point outside the cylinder at each end, one
obtains a system of (6K + 2) X (NP + 2) linear difference equationms.

(Note that NP stands for number of mesh points.) These equations are
solved by an algorithm which is a modification of the one described in
[29]. A computer program has been written for the Georgia Tech high
speed digital computer CDC-CYBER-70, Model 74-28. The listing and flow
chart are given in the Appendices B and A respectively.

In generating data, in order to investigate pre- and post-limit point
behavioral response of axially loaded cylindrical shells, the solution
procedure goes as follows: first, the system of equat ons is solved for
a small level of the applied load, ﬁ;x’ (taken as known). Taen, solutions
are sought for step increases in ﬁ;x’ until the process fails to converge.
The load level at which the solution fails to converge is a measure of the
limit point or critical load (see [25]). As explained in [25], when
approaching the critical load, the increment in the applied load must be
small and the sign of the determinant of the coefficients of the response
must be checked. If convergence fails, the load level is over the limit
point. But if convergence does not fail and the sign of the determinant
changes from what it was at the previous load level, then the load level
is also over the limit point. Desired accuracy can be achieved by taking
smaller and smaller increments in E;x' Note that a cost penalty must be
paid for improving the accuracy in E;x or by this approach. It is also
observed that by employing this procedure (algorithm in which ﬁ;x is

known and the response, "1’ fi’ is unknown), no solution can be obtained
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past the limit point. Because of this, the new algorithm is employed

at this point of the solution procedure. The new algorithm, as already
explained, simply changes the role of one of the displacement terms with
that of the applied load ﬁ;x' While the first procedure is followed, i
the most dominant displacement term is identified (or a group of terms).
At some level before the limit point, the procedure is switched and a
solution is formed that corresponds to an increment in the chosen dominant
displacement parameter. To this end, the previous solution is used as an

initial solution. The procedure is continued until the entire post-limit

point response is obtained. During this phase of the solution procedure,
some convergence failures can also occur. These failures can be attributed
to one of two recasons: (a) either the increment in the dominant displace-
ment parameter is too large or (b) the NP (number of mesh points) is too
small for an accurate description of the response. Both of these can
easily be corrected. In this second phase, large increments are purposely
used in order to save computer time. If the solution fails to converge,
then the increment is automatically reduced.

Numerical integration is used to find the total potential and end
shortening. By this solution procedure, the entire load-displacement or
load-end shortening curves can be obtained for a given imperfection and
each wave number n.

Numerical Results and Discussion

Numerical results are obtained for two geometrié;; one unstiffened
and one stiffened, for axially loaded cylindrical shells.
The geometry for both is described below:

(a) Unstiffened Cylindrical Shell

R=41in.,, t = 0.004 in., 0,008 in., 0.016 in., 0.050 in.;
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L =4 in., 12 in,, 20 in., 40 in,;
E = 10.5 x 106psi; v = 0.3; with (3.59)

WO(X:Y) = tgr-cos 3%5 + 0.1 sin %? cos %?J

and SS~-3 Boundary Conditions, Eqs. (3.32)

(b) Ring and Stringer-Stiffened Cylindrical Shell

R=4in.; t =0.04 in.; L = 4 in.,
e = + 0.24 in.; ey = 4+ 0.12 in.; (+ for internal stiffeners)
6
E=10.5x 10 psi; v = 0.3; (3.60)

kxx = 0.910; kyy = 0.455; P 100; Pyy = 20; with

o

m
¥ (%,

= h€ sin I cos %? 3 SS-3 Boundary Conditioms, Eqs. (3.32)

Before discussing the results, a few more clarifying remarks about the
geometry are needed. The unstiffened geometry is taken from [25] and
[30]. Note that in these references only the critical load is given and
not the complete behavior. This geometry employs, virtually, an axisym-
metric imperfection. Note that the non-axisymmetric amplitude is 10% of
the axisymmetric amplitude. A smaller value was tried (1% for the non-
axisymmetric amplitude) and the response (see Fig. 3.2; R/t = 500) is,
for all purposes, identical to that of geometry (a). The only difference

is the value for E;x (limit-point load). This difference only reflects

cr
the effect of imperfection amplitude, i.e., for g = 1, Nxx = 12,24 1bs/in.
cr
for 17 non-axisymmetric amplitude, while N = 11,44 1bs/4in. for 107

cr
non-axisymmetric amplitude. Note that, in the former case, the maximum

imperfection amplitude is 1.0lh while in the latter it is 1.10h. The
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Fig. 3.2 Effect of the Asymmetric Imperfection
Amplitude (R/t = 500; L/R = 1; n = 10).
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classical load for this case i{s 25.42 1lbs/in. The reason that the 107
amplitude is used in the numerical results obtained is that the higher

the non-axisymmetric amplitude, the faster the solution. Moreover, in
this geometry, € is varied from zero to four, in order to study the effect

of imperfection amplitude. Note that for the chosen imperfection,

o =
W max/h 1.1€ (3.61)

Finally, results are generated for several values of n (number of circum-
ferential full waves). This is needed in order to obtain a clear picture
of the complete response.

The stiffened geometry corresponds to examples 14, 16, 18, 19, and
21 of [25]. Again, note that in [25], only limit-point loads were
obtained. Moreover, in [25], $§S-3 boundary conditions are used, but
with M- 0 [see Eqs. (3.37)]. In the present work, SS-3 with M=
a3§xx
difference in SS-3 boundary conditions, difference in response for the
stiffened geometries lies in the fact that a term (azﬁ;x) is missing from
Eq. (20a) of [25]. This omission has been corrected in the present work
[see Eq. (3.42)7. The most important results are presented in graphical
form and tabular form. In the ensuing discussion, including conclusions,
the statements are based on all generated data.

Tables 3.1 and 3.2 present the various unstiffened geometries for
which results are obtained (axial compression). Table 3.1 also gives
values of critical static and dynamic loads, as well as minimum post-limit
point loads and the linear theory (classical) static critical loads.

Finally, for each example, it gives the number of mesh points used in

the finite difference scheme and the value of n. Table 3.2 summarizes

boundary conditions are employed {see Eqs. (3.32)]. 1In addition to the
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the most important results of the study for axially-loaded unstiffened
geometries.

The generated data, appearing in Tables 3.1 and 3.2, are also
presented in graphical form and a discussion of the various effects is
presented. First the results corresponding to R/t = 1000 are presented
and discussed. For this group, L/R is equal to one.

Fig. 3.3 is a plot of ﬁxx versus average end shortening for € = 0.5
(unstiffened geometry). These data are generated for several values of
full waves, n, around the circumference. From this figure, it is clear
that, as the system is loaded quasi-statically from zero, the load deflec-
tion curve is the same and independent of n. The limit-point load, ﬁ;x
is definitely n-dependent. It is observed that the value of the total .
potential corresponding to the lowest limit load and associated n is the
smallest of all values correspouding to the same load and different n's
(at an equilibrium position). For this value of § (which corresponds to

W®  =0.55h), the limit point occurs at N = 16.61 1bs/in. [\% =
max XX

/_ — \

' N } = 0.6537. In the post-limit point region, the unstable

NOXX xxczf

branch shows several changes fromn = 13 ton = 12 ton = 11. These
changes occur at the unstable portion of the curve. The change from n = 11

ton = 10, etc., ton = 8, occur at the stable portion of the curves. This

implies that if one can transverse the post-limit point branches, he would

move along the n = 13 (with decreasing load) curve, then along the n = 12
and n = 11 curves (with decreasing load). Then, along the n = 11 curve,
the system moves with increasing load until it reaches the n = 10 curve.
Then it moves along the n = 10 curve until it intersects the n = 9 curve,
etc. In reality, though, under dead weight loading, the system reaches

the limit point, and then it snaps-through (violent buckling) towards
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Fig. 3.3 Response of Unstiffened Geometry
(R/t = 1,000; L/R = 1; € = 0,5)
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far stable equilibrium positions. During the snapping process, it is
clear from this figure that the shell experiences changes in the circum-
ferential mode, corresponding to various n-values. This phenomenon has
been observed experimentally through high-speed photography for very thin
and relatively short cylindrical shells.

Fig. 3.4 presents similar data (as Fig. 3.3), but for £ = 1. The
behavior is very similar to that corresponding to £ = 0.5. Note that
curves corresponding ton = 13,...,8 are shown. Data are generated for
n = 14 and 15 but are not shown on the figure. No data are generated for
n < 8, because the minimum load (in the post-limit point region) positions
correspond to n = 9 for both €-values (Figs. 3.3 and 3.4). Clearly, the
same observations are made concerning violent buckling with changing
circumferential mode. Moreover, data are generated for € = 4 and plotted
on Fig. 3.5. Note that for n =2 10, there is no limit point instability,
but for n =9, 8, and 7 there exist limit points. The response, though,
as the system is loaded quasi-statically from zero, is along the n = 10
path and snapping takes place at the load level corresponding to unstable
bifurcation (the n = 10 and n = 9 paths cross). Even for this imperfection
amplitude (E = 4), violent buckling is predicted with change in circumferen-
tial mode. Finally, for the unstiffened geometry, Fig. 3.6 presents the
effect of the imperfection amplitude, €, on the limit-point load, X‘ =
ﬁxx N , and on the minimum load, \™ = Exx /ixx . It also presents

cr cl min ck d
the effect of imperfection amplitude on the dynamic critical load, A,
for the case of constant load of infinite duration. This effect is
discussed in a later section. Note that N x corresponds to the minimum
equilibrium load in the post-limit point region. As it can be seen from

Fig. 3.6, the shell is extremely sensitive to initial geometric imperfections
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Fig. 3.4 Response of Unstiffened Geometry

(R/t = 1,000; L/R = 1; € = 1.0)
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Fig. 3.6 Plots of Load Parameters Q‘: limit point;
ld: critical dynamic; A\": minimm post-limit point)

versus Imperfection Amplitude Parameter.




(of virtually axisymmetric shape). Note that at € = 0.84, A% s equal to

one half. Since W°_ = 1.1€ h, then 2%
max

£ = 3.5, x‘ = 0.1, and at € = 4 the values of xz and \™ are almost the

= 0.5, when w°mx = 0.924 h. At

same. This means that for € 2 4, there is no possibility of snap-through
buckling. The cylindrical shell simply deforms, with bending, from the
initial application of the load. Finally, Fig. 3.7 presents a composite
of Figs. 3.3-3.5, and it includes pre-limit and post-limit point behavior
for § = 0.5, 1.0 and 4.0,

Fig. 3.8 is similar to Fig. 3.4 but for R/t = 500. Moreover, Figs.
3.9 and 3.10 fall in the same catagory. These geometries correspond to
Examples 22-40, which along with Examples 8-13 serve to study the effect
of R/t on the shell response characteristics. Note that for all of these
examples, £ = 1.0 and L/R = 1.

Clearly, from Fig. 3.8, it is seen that the response characteristics

of the shell are very similar to those corresponding to R/t = 1000 (Fig.

3.4). The only difference is that the wave number n corresponding to both
the limit point (n = 11) and the minimum post-limit point equilibrium load
(n = 8) are smaller than the ones for R/t = 1000. According to Fig. 3.4
these wave numbers are n = 13 and n = 9 respectively. Note from Figs.
3.9 and 3.10 that this trend continues as R/t decreases, and for R/t = 80
n = 5 corresponds to both loads. The composite response is shown on f
Fig. 3.11.

Next, the effect of L/R is examined through examples 30-36, 41-49,
and 53-57 (see Table 3.1). All of these geometries correspond to € = 1

sand R/t = 250, and L/R varies from one to ten. The results of this study

are presented graphically on Figs. 3.9, 3.12, 3.13 and in the composite

of Fig. 3.1l4. It is seen from these figures that as L/R increases, the
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entire static equilibrium response corresponds to one wave number (n = &
for L/R =5, n =3 for L/R = 8 and 10). Note also that the n-value
decreases as L/R increases. This result seems reasonable. In addition,
the sensitivity of the shell decreases as L/R increases. This latter
effect is better shown on Fig. 3.15. The dynamic results are discussed
in a later section.

Finally, Fig. 3.16 presents the effect of R/t on the limit point
load, minimum post-limit point load and dynamic critical load. There are
two sets of curves, one solid and one dashed. The solid curves correspond
to € = 1 and they imply change in the imperfection amplitude as R/t
changes, since the data are generated for a constant R value (4 in.).

The dashed line set corresponds to the same imperfection amplitude regard-
less of the value of the thickness. Note that, when R/t = 1000, t = ,004 in.
since R = 4 in. From the amplitude of the imperfection, one may relate

the solid curve to € = 1 and the dashed curve to € = 0.016/0.004 = 4.

Thus, it is very reasonable that x‘ corresponding to § = 4 is much smaller
than xz .orresponding to £ = 1. On the other end of the curve, say R/t =
100, the opposite is true. For this value of R/t, t = 0.04 in. Then
the dashed line curve corresponds to € = f%%% , or € =0.4, and kl corres-
ponding to § = 0.4 is expected and is larger than x‘ corresponding to
€ = 1.0 (solid curve).

For the stiffened geometries, the results are presented on Figs. 3.17-
3.19.

The classical values for ﬁ*x are 35,220 1lbs/in. for external position-
ing of the stiffeners and 19,790 lbs/in. for internal. The geometric

imperfection for the stiffened geometries is not axisymmetric but symmetric

with respect o y [see Eqs. (3.64)]. This shape is similar to the classical

buckling mode, provided that n = 4,
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Fig. 3.18 Response of Externally Stiffened

Geometry (€ = 4; Axial Load)
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The results for the externmal positioning of the stiffeners are

presented on Figs. 3.17 and 3.18 for € equal to one and four respectively.

It is seen from these two figures that the response is similar to the

{ unstiffened geometry (Figs. 3.3-3.5), but the number of full circumferential

| waves 1s smaller (this is an effectively much thicker thin shell). Note

that the lowest limit point corresponds ton = 4 for € = 1. On the other

: hand, for = 4, the mode changes from n = 4 to n = 3 and snapping occurs,
because of the existence of an unstable bifurcational branch. In this
case also, a chenge in mode is observed during snap-through buckling.
Another important similarity to the unstiffened shell behavior is that
this configuration is sensitive to initial geometric imperfections. Note
that when % = 1 (which means that w°mx =h), N = 26,200 lbs/in. or
k‘ = 0.46. The externally stiffened shell is notc:s sensitive as the

unstiffened thinner shell, but it is semsitive to initial geometric

imperfections.

The results for the internally stiffened configuration are shown in
Fig. 3.19. The dashed lines correspond to n = 4 and the solid lines to
n = 3, Data for other n-values need not be shown on this figure. The

three sets of curves correspond to § = 0.5, 1, and 4. Note that, for € =

0.5, limit point instability occurs at i;x = 17,800 lbs/in. with n = 4.

Also note that during snap-through buckling, a change of circumferential

mode occurs (to n = 3). The minimum equilibrium load in the post-1limit
' point region corresponds ton = 3. On the other hand for £ = 1, snap-

through buckling occurs at ﬁ;x = 16,400 1bs/in. because of the existence

of an unstable bifurcated branch (corresponding to n = 3), The minimum

equilibrium load for € = 1 also corresponds to n = 3., Finally, there is

no possibility of a snapping phenomenon for € = 4, neither through the
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existence of a limit point nor through the existence of an unstable

bifurcated branch. It is observed that this configuration is not very

sensitive to initial geometric imperfections. For E = 0.5, kz = 0.9

and for € = 1,0, XL = 0.84. This is attributed to two reasons: (a) inter-

nally stiffened configurations are less sensitive than externally stiffened

ones and stiffened configurations are less sensitive than unstiffened onmes,

3Nxx
are used, which has a stabilizing effect. The primary reason, though,

and (b) for this reported case, S§-3 with Mxx = a boundary conditions
is the former.

Numerical results are also obtained for a ring-stiffened geometry
under pressure. This is the same as Example 1 of Ref. 31.

(c) Ring-Stiffened Cylindrical Shell

L=R=4in.; t =0.04 in.; E = 10.5 x 106psi

v =0,3; e =x_=0; A_ =0091; p__ = 100;
¥y yy
(3.62)
e = 0.24 in.; classical p _ = 4827 psi
y cr

° = B 1 lx- Ex\.
w(x,Y) §t(sin L *0.1sin 35 cos 22

£ = 0.1, 1.0 and 4.0.

The results of this study are presented in graphical form on Figs. 3.20-
3.22.

Fig. 3.20 shows a plot of the pressure, p, versus the average end
shortening for € = 1 and n = 3. There are three plots shown on this
figure which serve to check the effect of K [see Eq. (3.40)] and the
number of mesh points, N.P., on the convergence of the solution. This

effect, as characterized by Fig. 3.20, is typical for all E and n values.




Clearly, neither effect is significant for pre-limit point behavior and
post-limit point behavior up to the minimum load. Beyond this range, the
effect of NP is very small, while the effect of K can be significant.
Therefore, if one is interested in the response characteristic up to the
minimum post-limit point load, both effects are insignificant. 1In this
particular study, one is interested in establishing limit-point loads
(ceritical static loads) and dynamic critical loads which depend on
accurately predicting the response in the unstable portion of the post-
limit point behavior. (The value of the modified total potential goes

to zero in this range if a critical dynamic load exists.) The conclusion
is that K = 1 and NP = 35 suffice for this study, since the cpu time
increases rapidly with increases in both K and NP.

Fig. 3.21 shows the effect of n for € = 1. This effect is the same
for the other € values, and n = 3 characterizes the true response of the
ring-stiffened shell, Fig. 3.22 shows the response of the shell for all
three values of § (and n = 3). Note that for € = 0.1 and 1.0, the shell
expands in the axial direction (negative end shortening) up to the limit
point and then it starts to contract. For E = 4, initially there is an
expansion, but contraction commences before reaching the limit point.
Note also that this configuration is rather sensitive to initial geometric

imperfection (for € = 0.1, kz = ,94; for £ = 1.0, XL = 0.80; for € = 4.0,

k‘ = 0.59). Note also that the agreement between the value reported

in Ref. 31 for )L and § = 1 and the present one is very good. Moreover,
the value of n (=3) is the same for both.

Critical Conditions for Sudden Application of the Loads.

As stated previously, a critical dynamic condition exists 1if the

modiried total potential, UT , becomes zero at an unstable static equili-

mod
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brium point and motion can escape through this point. (A trajectory can

possibly exist for "buckled" motion.)

i For the axially-loaded unstiffened geometry, the results are presented
both in tabular form (Tables 3.1 and 3.2) and in graphical form (Figs. 3.6,
% 3.15 and 3.16).

The critical dynamic load is obtained from the static solution. It
corresponds to a load (static) for which the unstable (post-limit point
curve) equilibrium point yields a value zero for the modified total
potential. The expression for the modified total potential is given by

[see Eqs. (3.16) and (3.19)]

U, =U_ - 1 A+ one W
mod T Exxp XX 1 xx
(3.69
= U+ nRLalﬁix

It is seen from Tables 1 and 2 that when a limit point exists and
the difference between the limit point load and the minimum post-limit
point load is distinct, then a clear dynamic critical load exists. On

the other hand, if there is no limit point (Examples 17-21 of Table 3.1),

there is no critical dynamic load. Similarly, if the value of the limit
point load is very close to that of the minimum post-limit point load, it

is difficult to have a critical dynamic load (see Examples 35, 36, and

e M e -

39 of Table 3.1). Fig. 3.6, among others, shows a plot of kd versus the
imperfection amplitude parameter, €. On the basis of the definition of

critical dynamic load, kd starts from one and decreases to the common

£

value of 1~ and A" at € = 4. Since the static behavior for € > 4, is not

s e o ©

one of limit point instability, then there is no critical dynamic load for

these § values, according to the concept and criterion discussed at the
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beginning of the chapter [see Eq. (3.2)]. On the other hand, if the
; ' dynamic response is limited in the space of the displacement components,
then a critical load can be defined. This point is discussed in Ref. 1
; and in Chapter 5 of the present report.

The effect of L/R is shown on Fig. 3.15. The value of Xd is very
low for L/R equal to one (kd = 0.2) and it increases rapidly with increas-
ing L/R values to kd = .48 at L/R = 10. This, of course, holds true only
for £ = 1,0, but a similar behavior is observed for €-values for which the
static behavior is the same as for € = 1.0 (see Figs. 3.3 and 3.4; but not
3.5).

For the axially-loaded stiffened configuration, the results are
presented on Fig. 3.23. It is seen from this figure that the internally
stiffened geometry (under static conditions) is not as sensitive as the
externally stiffened one. Moreover, the ratio of the dynamic load to the
static (xdlxz) is higher for the internally stiffened geometry. Note that
the results for the internally stiffened geometry do not extend past € = 1.0.
This is so because the atatic behavior will soon (£ = 1.5 or so) cease to
i be of the limit point instability. On the other hand, the results for

external stiffening extend to § = 4.

It is seen that the largest difference (or smallest ratio \d/\L)
between the static and dynamic critical loads occurs at § = 1.0 (see Figs.
3.6 and 3.23), for axially loaded geometries.

For the pressure-loaded ring-stiffened geometry, critical dynamic
loads are obtained by setting the modified potential equal to zero [see
Eq. (3.2)]. For this case, C, for a given load, denotes the potential
associated with the static primary path mode. This means that the corres-

ponding st.atic problem must be solved (without allowing static buckling)

87




AD-A114 735 GEORGIA INST OF TECH ATLANTA F/6 20/11
DYNAMIC STABILITY OF STRUCTURES: APPLICATION TO FRAMES» CYLINDR~=ETC{U)
FEB 82 6 J SIMITSES, I SHEINMAN F33615-79-C-3221

UNCLASSIFIED AFWAL=TR=-81-3155 .




—
.
-
B
i
=
|~
[o-]
=
N
[

-
1
==
i
TSy
N

Cobe M=

m" T
= L€
lizs e jie

MICROCOPY RESOLUTION TEST CHARI
NATIONAL RURLAU OF STANDARIE 196 4 \




0.3 [ i |

Fig. 3.23 Plots of Load Parameters (lz; kd; km)
versus ¢ for the Stiffened Geometries
(axial load)




with regard to static application of the pressure and by finding the

corresponding axisymmetric displacement (breathing mode). Then at each
level of the pressure, the corresponding total potential is calculated

‘ and for each value of p this corresponds to the value of C in Eq. (3.2).

The estimated results for dynamic critical pressure along with the

limit-point values and the minimum post-limit point values are shown on

Table 3.3. Only results corresponding to n = 3 are shown, because this

value of n governs static and dynamic building.

Table 3.3 Pressure-Loaded, Ring-Stiffened Cylindrical Shell.

L d m

) ]
psi P psi P psi

n| € P pd/p

3}10.1 | 4,500 | 4,470 | 3,000 | 0.9933
3/1.0{ 3,85 ] 3,790 ] 2,970 | 0.9857

ﬁ i 3{4.04{ 2,830} 2,755 ) 2,740 } 0.9735

: It is seen from these results that the reduction in critical pressure,
because of the sudden application (dynamic versus static), is very small.

This should not be considered a8 a genmeral conclusion, but more data need

to be generated.
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SECTION IV

THE PINNED HALF-SINE ARCH

In this particular chapter the concepts of dynamic stability are
applied to a half-sine low arch, subjected to a transverse load with
a half-sine spatial distribution. The static analysis of such an arch
may be found in Ref. 32, Some dynamic stability aspects of this or
similar geometries may be found in Refs. 2, 11, 33, 34 and 35. In this
chapter some of these studies are summarized, particularly those of
Refs. 2, 11, and 35. These studies include loads of constant magnitude
and finite durations (as well as the extreme cases of the duration time
approaching zero and infinity), and the study of various effect, all of
which are presented in Ref. 1. These include, the effect of static pre-

loading and small damping.

Geometry and Governing Equations

Consider a slender arch of small initfal curvature and symmetric
cross section. Furthermore, wo(x) denotes the initial shape of the middle
line, w(x) the shape of the middle line after deformation, and u(x) the
horizontal displacement of any point of the midplane (see Fig. 4.1). The

following nondimensionalization is introduced

X = % g

wix,t) = pT (E,t) where p” = %
¢ =7 LT vhere e = (m p/1)? (4.1)

¢ !

g E

g
P %
and E is the Young Modulus and q(%,t) = 3 Q (x,t)
AEcE
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where Q*(x,t) denotes the external force per unit length.

The specific problem to be considered in this section consists of a

low pinned arch for which wo(X) and consequently no(g) is a half-sine-wave.
The distributed load, which is applied suddenly with constant magnitude for

a finite duratiom, To? is also a half-sine-wave. The initial shape is given by

Tlo(g)-eain§0<§<n 4.2)

where e is the initial rise parmmeter. Since (wo) = peand e=
, max

(wo>1ux and if the cross section is rectangular of width b and thick-

4 h (Vo) max
ness h, then p = —— and ¢ = 2/3 —n which clearly shows that e is a

2/3
" measure of the ratio of the initial maximum rise to the thickness of the
arch.

The expression for the loading is given by

q(E,7) = q,(T) sin § (4.3)

The response of the arch, T(g,t) is represented by

2
(E,L) = N (O+ F, a (t) sin M, 0<E<m r>0 (4.4)

Complete analysis of the problem is given by Simitses in references 11 and

32.
A more convenient set of equations may be obtained by introducing the

following new parameters

r-.1+emdp-‘q1+e (4.5)

the expression for the nondimensionalized total potential under p
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=p _ _T 1 i
U'.l" PEeEL where UT the total potential under the load 9 and PE

( 4u, 91 q

2 \
z F2:1 denoting the first Euler load) is given by
L

& - %(rz- e +4 R 16a§ + 2p(e-1) (4.6)

which is quite similar to the potential energy for the two-degree of freedom
model (Model C) discussed in Ref. 1.
Furthermore, neglecting the rotatory and in-plane kinetic energies,
the following expression for the nondimensionalized kinetic energy
(T is the kinetic energy) is obtained.

w o2
Jnag (4.7
o

-3
(]
AN

Use of Eq. (4.4) in Eq. (4.7) yields the following expression for T

12, 02

f'g2+3§=(1+a2)r (4.8)
where ( / =-§;and (o) .d-"lr-

Critical Dynamic Conditions

Dynamic Stability under constant load of finite duration has been
discussed in Ref. 1 and through simple mechanical models, criteria and
estimates for critical conditions were presented. The same problem is
posed here, but applied to a pinned low arch.

The expression for the ''zero load" total potential is given by

2
0y = -@-;-5)- (r? +2er +e® +8) + ag(Zag +12 +16-eD) (4.9)
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Through a static stability analysis, the following stationary points on
the "zero load total potential' are obtained:

Pt. 1 at [e,0] Stable (Relative min.)

Pt. 2 at [% (-e +/e2-16),0] Unstable (Relative max.)

Pt. 3 at [%(e +./e2-16), 0_] Stable (Relative min.)

2
Pt. 4 at [i; , "’;— - ] Unstable (Saddle point)

2 T
Pt. 5 at % ../2% - 4J Unstable (Saddle point)

It is proven (Ref. 11) that saddle points exist for e > 4. For this
range of e-values, the "zero load" total potential value at the gaddle
points, pts. 4 and 5 is smaller than the corresponding value at the
relative maximum, pt. 2. On the basis of this observation the motion
can possibly become 'buckled" through the saddle points, pts. 4 and 5.
The corresponding condition for this case is a ''possible critical con-
dition". On the other hand, if the imparted energy, by the applied force
at the release time, is sufficient to reach the relative maximum (unstable)
static equilibrium point, pt. 2, "buckled" motion is guaranteed and the
orresponding critical condition is a '"minimum guaranteed one’”. The former
is termed sufficient condition for dynamic stability while the latter
sufficient condition for dynamic instability by Hsu (6 - 10].

Next, the computational procedure for finding the possible critical
condition is outlined.

The gtability criterion for this case (see Ref. 1) is expressed by
<0 =P 50 ,.0
UT (r o) - UT(’T o) < IJT (Lu) (4.10)

where L: is the unstable static equilibrium point under zero load and To

the releage time. The equality sign refers to a critical condition, while

the inequality sign refers to a dynamically stable condition.
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b

Use of Eq. (4.10) for this geometry yields

e
o(5-2)
r | e o3
TET, e -p
cTr

(4.11)

where ro is the critical release time.
cr

Moreover, for 0 < 7 < To conservation of energy yields (during this

time the system is loaded)

Tﬂ; +T =0 (4.12)

For a given path of motion, integration of Eq. (4.12), yields a relation
between the time of release and the position at that imstant. Note, that
the problem has been cast in the following terms: for a given load, p,

find the smallest release time, To ? such that the system may reach an
cr :
unstable point (saddle point for the minimum possible critical condition)

with zero velocity, Eq. (4.11). Since one is interested in obtaining the

smallest release time, To °* and since the position at the time of release
cr
is path dependent, one can solve the problem by considering the associated

brachistochrone problem. The brachistonchrone problem makes use of Eq. (4.12)
for this system, and through its solution one obtains the relation between

the smallest release time, To » the position at the instant of release,
cr
as well as the path that ylelds "o The details of the solution to this
cr
brachistochrone problem are similar to the ones presented in Ref. 1. for

the two-degree-of~freedom model, Model C. The solution to the brachisto-

chrone problem yields that the minimizing path is characterized by a, =0

(symmetric path) and the relation between To and the position of the
cr
system, rcr’ at To i8
cr
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T
cY 4
T
r =] (4.13)

o
cx »/E‘Jgp(r -e) + e2 - rz-%' (tz - ez)2

Computationally, it is simpler for one to assign values of Tor (starting
with values close to the initial position, r = /e and a, = 0), solve for
p through Eq. (4.11) and then for To through Eq. (4.13).

Note that for the case of the m::imum guaranteed critical condition
Eq. (4.11) is replaced by a comparable equation which employs the value
of the "zero load" total potential at the relative maximum unstable static
point.

Numerical results are presented graphically on Figs. 4.2 and 4.3, for
the minimum possible critical condition only, and various values of e. The
curves of Fig. 4.2 depict critical conditions in terms of applied load, p,
versus critical release time, To . One may observe that as the T in-
creases, the corresponding load :;proaches, asymptotically, the valzz of
Per for the infinite duration time. Fig. 4.3 presents the same results as
Fig. 4.2, but in terms of (p'ro)cr versus critical release time r, - Note

cr

that as To approaches zero, the value of (p'ro)c approaches that of the
cr

critical ideal impulse (see Ref. 11).

r

Effect of Static Preloading

In evaluating the effect of static preloading, three values are
chosen (e = 5.0, 6.0, 8.0), and for each e-value the system is initially
loaded quasi-statically with a Py- load smaller than the Per - static.
Then, the system is loaded dynamically. The following values are used in

the dynamic analysis.

96




12

*yosay pouuyd * ° ‘2wp]l uofieing [ed>F3IFaD snsiada ‘d ‘peol ueisuoj Ty Bl

J
o (04 oo.u. o% o o

4

TT1vas 8 T 7 ] —A.Wa. LI | ¥ _-.--dla 1 1.—*.4-‘ Y 31 ¥ zwl

- 4

and -y

- o

s 7 :

: : W,

C 3] i

ol Jwa.. H

- R
i

- - ,
]

- 40 . .

— -y

- -y

-l -

- o

o -

— lﬁo

- .

and -

- ot

- .

- -

- AN ]

o I ! | p

«cUU WU U U . s 418 € A 4 ' G W W U W S Il TS W O B S W | A 1%1




—

P 3o

*yo21y pauuld *

J
ot QO

ob |

1

(o]

4 ‘OWTL UOTITINQ [ED1311) SNSIIA .po..: ‘asyndug ‘g9 914

%—

w@p

LA BRI

\

7T T T

/

—PP>PP '}

ALARE T

A L L] A

T

—-—_ LI

o™

—4d-d- L]

Ill!llJ

o

98

eszi- 08 .-~
1Lg- ----S¥°

=)

Ll

2 8 ¢ 9

' i lpetd a4 2 1 baast a0




e =45 P, = -6.18 ; p_=-10, -3.0, -5.0

e =60 ; P, =-13.41 5 Pg = -3.0, -4.0, -6.0

First, the extreme cases (1'° = 0 and To ™ ©) are analyzed by
employing the proper energy equations (see Ref. 1, Sectiom 6).

For example, for the ideal impulse case, the impulse is related
to an initial kinetic energy, f:o(the impulse is imparted into the
system as initial velocity) and from conservation of emergy (for the

preloaded system)

-Po -Po -Po Po =
U + Ty = Uy L) +T

P
]

{ (4.14)

P
where L © is the near static (stable) equilibrium position under P,
S

P
(static pveloading). Then Tiois critical (and the corresponding ideal

impulse) if the system can reach the unstable static equilibrium point,

Lz with zero kinetic energy, or

P

1.0 .0 (LPO) S0 L° (4.15)
u I 8 ) '

Ti = UT
cr

For the second extreme case (70 - ®), P, MY also be obtained from
energy consideration and the criteria developed in Ref. 1. The charac-
teristic equation for this case is obtained from

P +P ( B, + P

P+ PP
i, L, ) - B, (Ls ) (4.16)

o The ideal impulse, (pTo) may be related to the initial kinetic energy

=" 0
Ti (in the nondimensionalized form - see Refs. 2 and 11) by the expression

99

e




P, P\ 1/2
@r) = - 1£,° (r, °)1 4.17)

P
where rso is the near static (stable) equilibrium position under load
Py
The critical ideal impulse, through Eqs. (4.17) and (4.15), is

obtained by

P
(pTo)cr =" [°:°<ru°) - ﬁ:o(rso.)] (4.18)

Note that the negative sign on the right hand side of Eqs. (4.17)
and (4.18) is present because of the sign convention on the load p (see

Fig. 4.1). The expression for the total potential is given by Eq. (4.6).

The numerical results are presented on Table 4. 1.

Table 4.1 - Critical Ideal Impulse, (pT.)

o’er’
e =~ 4,5 e=25,0 e= 6,0

P (pr )
P, (m’o)c1r P (pr) . o o),
-8,71 0 -10.06 0 -12.64
-5,11 - «2,0 - 4.95 -3.0 - 7.95
-3,53 “4,0 - 3.64 ~4.0 - 6.80
-1.93 ! 6.0 |- 2.28 6.0 | - 5.31

0 -9,00 0 -13.41 )
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Note that the first row gives the ideal impulse without static pre-
loading. Note also that, as the value of P, approaches the value of
the static critical load, the additionally imposed critical impulse
tends to zero. This is reflected by the results of the last row
(Table 4.1).

The critical load for the case of infinite duration, Py » is
obtained by the following steps, for a given e, P, combinatio:.

a) Solve the symmetric response equilibrium equation (see Refs. 2, 11,

32), given below, for rso (near stable position)

P 3 P

% - 2 - % r®=4p (4.19)

o

b) The static unstable (saddle) equilibrium positions are characterized

by (see Ref. 32)

Py + P
r= - 3
(rp+p)
2 1 2 [+
and ay =3 [e€ - —5 - 16] (4.20)

c¢) Eq. (4.16) for this system becomes
%(r2+432-e2)2+t2-e2+ 162> + 2 (p_ + p) (e - T)

2
1 P P P

3O - 3?4 £° - e? 4+ 2 (b, + ) (e - 1% (4.21)

P _+P
The stimulaneous solution of Eqs. (4.20) and (4.21) yields ru° and

P
cr
o«
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The numerical results for all e, P, combinations are presented in

tabular form on Table 4.2.

| Table 4.2 - Critical Dynamic Loads, p_  , (Infinite Duratiom)

é ®

|

e =4.5 c=5.0 e = 6.0

? Po pcrw po-'pcrw Pa pcrﬂ° po‘H,crw,l Fo cr, po”’cr“

§ 0 =3.7 -3.7 0 -5.20 -S.quj 0 -8.8 -8.7

2 -1.0 ~4.05 | -5.05 |-2.0 =5.54 | =7.54 | -3.0 -8.61 }j-11.61
3.0 =2.54 | -5.54 |-4.0 =3.90 | -7.90 | -4.0 -8.02 |-12,02
5.0 -0.99 ; -5.99 |-6.0 -2.24 | -8.24 | -6.0 =6.77 | -12,77
-6.18 0 -6.18 |-9.0 0 =9.00 |-13.41 0 -13.41

Note that the first row results of Table 4.2 are taken from Ref. 11.
The results of the last row reflect the fact that if the system is
' loaded quasistatically up to the limit point, then the additional
suddenly applied load that the system can withstand tends to zero.

Finally, for the case of constant load, p, applied suddenly for

a finite duration, fo, critical conditions are obtained from the

following steps:
Po Po Po
a) From the static stability analysis obtain Tas T, and a, ,
u
for each P,

b) Use of the energy balance for this model and load case [see Eq.

(6.9) of Ref. 1] yields
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Po Pz 2 Pz 2
2p (ro -r ) = 3 (ru - e + 4&2 )
cr u
2R R L, R on
+ T, + 16a, - B (rs -e) - T + 2p° (rs - ru Y (4.22)

where T, is the position r at the instant of release of the load p

(t = ?o). In Eq. (4.22), for a given geometry, e, and static load, Po’
P P P

o o o
r .
» Ty, and S, ) except for p and LR

everything is known (po, e, T ¢

s

Therefore, Eq. (4.22) relates p and Tor at the critical condition.

2
- ! dr
¢) stnce T¥¥Po = (1 + 3} (ar) » then from Eq. (6.4) of Ref. 1, one
may write
- 1
"'-Po+P Po _P°+P 2
ar = |, (x,% - T (r, az)] dr (4.23)

Invoking the same techniques as the ones used for the same problem but
without static preloading in the previous case, the critical time To is
computed on the symmetric path a, = 0.

Integration from v = 0 to v = To and use of the expression for the

total potential [see Eq. (4.6)] yields

r 2 2
cr-, , P V2 P
To -u [% Ktso i e2) + rso B % (rZ - e2)2 - 5
cr P
r o
s
.1
Eb \ 2
+ 2 (p + po) (r - r X} dr (4.24)

Note that Eq. (4.28) also relates T tO P.




A critical condition is characterized by (p, To) that satifics both
equations, Eqs. (4.22) and (4.24) . This means that for a given release
time, To? find Py OF for a given p find'ro' . Computationally, though,
it is easier to assign values of Tep? solveczor p from Eq. (4.22) and then
for the corresponding T, from Eq. (4.24).

A computer program has been written for these computations. Values
of r . are assigned, starting with r:° + 6r, where §r is very small, and
computing the corresponding values of p and To ) for each br.

The results are presented graphically on ;1gs. 4.4 - 4.9 for the
three values of e. On the first three figures, critical conditions appear
as plots of p versus duration time, Toct. Note that as T°cr become larger
and larger, the corresponding value of p approaches Per (see Table 4.2).
On the last three figures (4.7 - 4.9) critical conditio:s appear as plots
of (p'ro)cr versus duration time, T°cr. On these figures, as Toct = 0, the
corresponding value of (p'ro)cr approaches the critical ideal impulse (see

Table 4.1).
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Effect of Small Damping

In this section, the effect of small damping on the dynamic stability
of the arch (subjected to a constant load of finite duration) is investi-
gated. If |, indicates the damping coefficient, the dissipated energy D,

because of damping, is given by (see Section VII of Ref. 1 for concepts and

details]

L
d
D-p,{i-a%dwdAdx-uAgi‘%dwdx (4.25)

where v stands for volume.

Recalling that w = p {T\o () +r () sin £+ a, (T) sin 2 €}, where

p2 = % and x .-.-% €, then Eq. (4.25) becomes

2 n
D=&’;LLAI§ (fsin §+a,sin 2 ) (dr sin € + da

o r,a,

2 sin 28 d€ (4.26)

Since the symmetric path (a? = 0) is the solution to the undamped system,

and since the integrand in Eq. (4.26) must contain only functions of the

undamped system, then D reduces to

P
r r
2 cr n 2 cr
D=L s [ frdr [ sin’edg = BEIA [ irg, (4.27)
o 2
e o e
The nondimensionalization of D is given by
-P
Ter
= 4D - 0
D= ———— = J‘ rrdr
Pg ¢g L e
/ €
_ 2u-pzA E ;-E
where |4 = P e T indicates the nondimensionalized damping coefficient,

EE;
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and (°) = é% with 7 given in Eqs. (4.1).

Since t:; is expanded in Taylor's series of | as

1 P P - P -2
r, =T + W 15+ L N (T (4.28)

and ori stands for the critical r-coordinate for the undamped system. Then
T
Eq. (4.10) yields

e2
e 8( 3 " 2)
ocr=e--—e-:-—p— (4.29)

However, the trajectory that the system follows, from the time of release

of the load until it reaches the unstable saddle point [r =-£

3 ]
2 2 %,
(75 - 4) ., is unknown. Since Eq. (4.25) gives the dissipated energy
during this period of time as

a2 = %

i |
ol'.'

wieo

I (sin2 € + aé si.n2 28) £ dar dg

cr ¥

then by following the same procedure as in Section VII of Ref. 1 for Model

C, a conservative estimate for the critical condition is obtained by assuming

a symmetric path (a2 = 0).

Then, from Eq. (7.10) of Ref. 1

e
“3 0
P f rr dr
r e
1 €= -3 (e -p) (4.30)

Moreover, assuming zero initial conditions, through the equation of motion,
Eq. (4.23), along the symmetric path (32 = 0) for the undamped system, one

obtains
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21]

3 3
=-’\/-Zp (e-"i')+£8-(2e-r2-8) -98—(e2-8) (4.31)

where T =r if r < Tor and Tt = LI ifr> L From Eq. (4.30)

&

- £
3 2 21

J S - 2 e
je -2 (e-1) +g (2e-r"-8) - g rdr

P .
T = T e ) (4.32)

In addition, the critical time T, may be found through Eq. (7.2) of Ref.

cr
1. Recalling that the kinetic energy is given by Eq. (4.8), the criti-
cal time To is given by
cr
r
d
. - I er _ r
R ) vi = 1
r 2 e 2 - a0
J =2p (e - 1) + 3 (2e - r" - 8) - o (e” - 8) - pu | xxdx
e
(4.33)

Expanding o in Taylor's series of ﬁ (; < < 1) one may write
cr

- 2
T = T + 4T + 0 (WY
%r © %%r 1 Ocr

Note that oTo is the critical time for the undamped system and it is
cr
given by

Lo}

0o CTr dr

T - (4.34)

er = Cer uw=0 =

mLﬁ

2 2
J-Zp ‘le-r) + ;— (2e2-r2-8) -%— (e2- 8)

Moreover, from Eq. (4.33), one may find the expression for 1o » OF
cr
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Tr } gxdx
o 1o cr ‘
1o = °r|”.o'i£' ., 2 372
€ [-2p(e - 1) + 5~ (2e"-1"- 8) & (e-8)]
r
- s——et (4.35)
rP 2 2
P o cr 2 P e 2 1
[-2pce - ofep) ¥ 5 (2¢°- xr_ -8 5 (e 8) )

where corrections 1¥cr and lTo depend only on undamped system parameters.
cx
The governing equations for finding critical conditions in the presence

of small damping (ﬁ << 1) are Eqs. (4.29), (4.32), (4.34) and (4.35).

These four equations relate the given small damping coefficient i, the

applied load p, the time parameters T and 1T and the position para-
cr cr

meters r _ and rP . A critical condition is expressed in terms of a
o cr lcr

load level p and the corresponding time T = o%o + EIT . Thus, a
cTr cr cr

critical condition may be found by posing the problem as follows: for a
given small damping coefficient | and load level p, find (through the
simultaneous solution of the four governing equations) the corresponding

critical time parameters, oo and 170 °* and position parameters, rtr
cr cr

and 1’2:' Note that the range of p-values (assigned) must be greater than
dynamic critical load for the case of a suddenly applied constant load of
infinite duration, without damping. The computational procedure involves
the following steps: (a) assign a p-value and computeor'ir from Eq. (4.29),
(b) employ Eq. (4.32) and solve for lrir’ (c¢) from Eq. (4.34) solve for

oTocr, and finally (d) employ Eq. (4.35) and solve for .7 .

1
Ocr
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A computer program is written to accomplish the solution and numerical
results are generated for three values of the arch rise parameter e
(e = 4.5, 8.0, 12.0). These results are presented on Table 4.3.

Note that, since a critical condition corresponds to a set of p, T
values, a small damping coefficient ﬁ has a stabilizing effects This °
effect, though, is very small. For instance, at the high values of the load
p (say for e = 4.5, p = -119.00) the corresponding value for v  (if b = 0.04)

cr
is 0.098 + 0.0015 = 0.0995. Remember that the p - T, curve for the un-

damped system (see Fig. 4.2) is very steep at the hig;rp-value and virtually
flat at the low values of p. On the other hand, when p = -7.21 (a value

close to Py = -6.18) the corresponding critical time is To = 0.59 + 0.04
= 0.63. Sin:e the curve is very flat at this load p-value, g:e may conclude

that the effect of small damping is virtually negligible.
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Table 4.3. Incremental Critical Time ,T (b = 1) for several Finite Duration
cr

Loads, p. (pinned shallow Arch).

1

' ; |
‘ % ¢ P oTocr l"ocr
; 4.50 ~119.,00 0.0938 .337
% - 57.00 0.134 .379
: ~ 30.00 0.210 Jb6
- 20.00 0.250 517
- 7.21 0.590 ‘ 970
8.00 -658.00 0.032 450
=214.00 0.089 .514
-103.00 0.215 .620
- 75.00 0.293% .706
- 39.00 C.0607 1.203
12.00 -5601.00 0.053 | 717
-274 .00 0.092 .840
-179.00 0.183 990
-115.00 0.527 1.380
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SECTION V

OTHER SYSTEMS

As explained in Chapter 1, it is possible to extend the concept of
dynamic buckling to all structural systems regardless of their behavior
under static application of the loads (see Figs. 1.1 - 1.5). This extension
is presented in Réf. 1, and it is based on limiting the deflectional response
of a structure (when loaded suddenly), which is in agreement with requiring
boundedness of deflectional response. One should observe that in limiting
the deflectional response, boundedness is automatically satisfied (in some
cases enforced), while the reverse is not true.

Some examples are presented in this chapter, in order to clarify this

extenrion oY the concept of dynamic stability.

The Mass-Spring System

Consider the mass-spring (linear) system shown.on Fig. 5.1. Consider
a suddenly applied load, P(t), applied at t = 0. This load may, in general,
include the weight (mg). 1In the case of finite duration, consider the
weight to be negligible.

First, the problem of constant load suddenly applied with infinite

duration is considered.
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For this case, one may write

the equation of motion and solve

for the response by imposing the

proper initial conditioms.

subject to

%(0) = x(0) =0 (5.2)

where the dot denotes differentia-
tion with respect to time.
By changing the dependent

Fig. 5.1 The Mass-Spring System
variable to

y=x+C (5.3)

where C is a constant,

the equation of motion and initial conditions become

y+Ey=o0 (5.4)
y(0) = -% and y(0) = 0 (5.5)

The solution is

P 53
y=-xcos gt

e e e e et b . o, s Ao+t e+ e

(5.6)

~2(1-cos [E )
x~3 1 - cos / o ©

|




Note that

2p
xmax k .7
and it occurs at
s 'm
Jat=m orat t=mu /3 =1T/2 (5.8)

where T is the period of vibration.

Note that if the load is applied quasistatically, then

Pst = kxst (5.9)

From Eqs. (5.7) and (5.9), it is clear that if the maximum dynamic
response, xmax and maximum static deflection x are to be equal and

max
no larger than a specified value X (deflection limited response) then,

Pst = 2den (5.10)

Because of this, many systems for which the design loads are dynamic
in nature (suddenly applied of constant magnitude and infinite duration)
are designed in terms of static considerations but with design (static)
loads twice as large as the dynamic loads, Eq. (5.10). Note that both
loads (Pst’ den) correspond to the same maximum deflection X.

Next, this same problem is viewed from energy considerations.

First, the total potential, U_, for the system is given by

T’
-l .
UT 5 kx Px (5.11)
and the kinetic energy, T, by
T = 2 m(®)’ (5.12)
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Note that the system is conservative, the kinetic energy is a positive

definite function of the velocity (for all t), and that U

T = 0 when x = 0.

Then,

Up +T =0 (5.13)

and motion is possible only in the range of x-values for which UT is non-
positive (see shaded area of Fig. 5.2).

It is also seen from Eq. (5.11) that the maximum x-value corresponds
to 2P/k.

Note that the static deflection is equal to P/k [Eq. (5.9) and pt A
on Fié. 5.2]. Therefore, if the maximum dynamic response and maximum
static deflection are to be equal to X, then Eq. (5.10) must hold.

Now, one may develop a different viewpoint for this same problem.
Suppose that a load P is to be applied suddenly to the mass-spring system

with the condition that the maximum deflectional response cannot be larger

than a specified value X. If the magnitude of the load is such that

%; <X (5.14)

we shall call the load dynamically subcritical.

When the inequality becomes an equality, we shall call the correspond-
ing load dynamically critical (see Ref. 1). This implies that the system
cannot withstand a dynamic load P > 5.9 without violating the kinematic

2
congtraint. Therefore,

- KX
P 2

dyncr (5.15)

This extension of the energy concept of dynamic stability was first

introduced and discussed in Ref. 1.

120

SRR, e,




\
\ /
\ /
\\ /
\\ A(T +O) /
\\ _ 7~
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(Suddenly Loaded Mass-Spring
System).
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Moreover, on the basis of this concept, one may find a critical
ideal impulse. The question, in this load case, is to find the ideal
impulse such that the system response does not exceed a prescribed value

X. From Fig. 5.2 and conservation of energy

U +T =T, (5.16)

T i
.and T, 1is critical if the system can reach position D with zero velocity

(kinetic energy). Thus,

T = u‘;(n) = U;,(X) (5.17)

i
cTr

From the impulse-momentum theorem, the ideal impulse, Imp, is

related to the initial velocity and consequently to the initial kinetic

energy.

Imp = lim (Pt ) = mk (5.18)
o i
t =0
(o]
where *i is the initial velocity magnitude (unidirectional case) and t,
is the duration time of a square pulse.

From Eq. (5.18)

- 1mp
% = (5.19)
and use of Eqs. (5.12) yields
2'1‘i 1/2
1t "\ o (5.20)

Since the critical initial kinetic energy is given by Eq. (5.17),

then

mmp__ = (mk)'/? x (5.21)
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Next, the following nondimensionalized parameters are introduced

(5.23)
BT-E}; T2l Top - 2ID2
kX KX N
On the basis of this Eq. (5.21) becomes
Tmp, . = 2 (5.24)

Finally, the concept of dynamic stability is next applied to the
general case of a suddenly applied load of constant magnitude but finite
duration, to. The precise statement of the problem is: find the load,
P, for a given duration time, to (or vice versa) such that the maximum
deflection is no larger than a prescribed value, X. Note that the
extreme cases of to~0 and « have been dealt with separately, and that

for this case, P must be greater than P [see Eq. (5.15)].

dyncr
For this load case and system, conservation of energy yields

ui +T =0 Ostst, (5.25)

and
U;,+T°=C t=2t (5.26)

where C is a constant. This constant can be expressed in terms of Ug and

values at the instant of release, to. Since there exists kinematic

'

T
continuity at to’ TP(to) = T°(t°) then

U

- - P
c u;(co) Up(ty) (5.27)
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and

- S
u; +7° u;(co) Up(t)) (5.28)
| A critical condition exists if position X can be reached with zero
velocity (kinetic energy). Thus, from Eqs. (5.28) and (5.11)

2 =
K = Px(t ) = Px_ (5.29)

N =

where Xor is the x-position at the instant of release.

From Eqs. (5.25), (5.11), and (5.12) one may write

1. 2 1 ...2
5 kx - Px +3 m(x) 0 O0O<tcxs t, (5.30)
or
. _ (2P . _k _2\1/2
x (mx n X (5.31)
From this one may write
dx
dt = (5.32)
(gx - 5,331/2
m m
Integration from zero to t yields an equation that relates tye x(to)
and P.
x
cr dx
t = (5.33)
o IO (gg X - k x2 1/2
m m

Eqs. (5.23) and (5.29) are two equations that relate P, X and to.
A critical condition is expressed in terms of either Pcr for a given t,
or t_ for a given P-value.

ézmputationally, it is simpler to assign values of X e from zero up

i«. » and solve for the corresponding P from Eq. (5.29) and for t, from

Eq. (5.33).
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Use of the nondimensionalized parameters, Eqs. (5.23), yields the

following system of governing equatiuns

pgcr =1

and (5.34)

T, - fgcr d 773
o (»g-¢?)

Note that the first of Eqs. (5.34) corresponds to Eq. (5.29) and the
second to Eq. (5.33). Moreover, the value of gcr varies from zero to one.

The simultaneous solution of Eqs. (5.34) yields

p=1/g  and T = cos'l(l - 2g§r> (5.35)
cr

Note that as gcr approaches one, To is equal to half the period
of oscillations and p = 1, which is the 3:1ue that corresponds to the
case of constant load suddenly applied, with infinite duration [see
Eq. (5.15)].

The results are shown graphically on Fig. 5.3, as plots of p versus

tO/T or T°/2ﬁ.

AV L it AR ES o € st

Parenthesis
Eq. (5.29) may be interpreted in a different way. For instance, one

may write

k% = 2px (5.36)
Ccr

where Xy is the position of the mass at the instant of release of the

force, P, and X is the maximum amplitude of oscillations (maximum dynamic
response). Moreover, P/k is a measure of the maximum static displ ~ement,

T (if P were applied quasi-statically). Then, Eq. (5.36) may be
7 max
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written as

X

i ) ) Stmax . & .1 5.3
X X .
!
Next, r_. D is the dynamic magnification factor and xcr/x =€ .-
Stmax
Therefore, Eq. (5.37) becomes
2§cr/D =1 or
(5.38)
fer T % E
!

Finally, the relation between to/T (= To/Zﬂ) and the magnification factor,

D, is obtained from the second of Egqs. (5.35), or

t:o 1 - D2
To/2ﬂ =T = 3y cos 1(1 - 7;) (5.39)
from which
| (T°> ﬂto
D = 281!1\? = 2sin T (5.40)

The dynamic magnification factor D, (see p. 94 of Ref. 36) is also
plotted on Fig. 5.3 and it is identical to that shown on Fig. 6-6 of

; Ref. 36.

Note that the parameters plotted on Fig. 5.3 represent two different
points of view. The plot of p versus to/T depicts the amount of a sudden
load with finite duration t, t} at corresponds to a8 maximum amplitude X.
On the other hand, the plot of D versus to/T shows the magnification of
; the maximum amplitude (compared to the static one) due to sudden applica-
tion of the load with duration time, to. Note that in both cases, to

necd not be larger than half the period of oscillation or to/T < 2,
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Finally, before closing this section, one can see that the extreme

cases of t°~ o and to - 0 are special cases of the finite duration case.
t
From Fig. 5.3, one sees that as-i? - o p— 1 which is in agreement

with Eq. (5.15). The other extreme case is obtained from Eqs. (5.34). !
If £, - 0, then ;cr is an extremely small number and since 0 < € < gcr

then the second of Eqs. (5.34) becomes |

g
dE ~ n°Ccr d
~ = 2€ (5.41)
_ §2>1/2 IO glgcr 1/2 cr

g(:‘l‘
T =
o (e,

Then

(Imp) .. = (PT)

r

1
= — ., 2 =2
gcr cr

which is identical to the result of Eq. (5.24).

Suddenly loaded Beams

A large class of structural problems, that may be treated in a similar
manner as the mass-spring system, is that of Euler-Bernouilli beams. Under
| static application of the loads, these configurations exhibit unique stable
equilibrium positions at each load level (see Fig. 1.5).
i Consider, as an example, the cantilever shown on Fig. 5.4. The load
i P(t) represents a sudden load with finite duration, in general.
| If one assumes

ZW
that the amplitude P

of the beam, at any
point, is given by
the static deflec- El L

tion curve multiplied

by a time dependent Fig. 5.4 The Cantilever Beam

coetficient, y(t),




then

e = 3o [ - ()]

Note that under static application of the load P, y is the maximum

(tip) deflection and it 1s related to the load by

3
= PL
3ET (5.43)
The total potential for this case is
EI rL azw 2
U, --Z-J'o (ax> dx - PW(L,t) (5.44)
or
3EI 2
U, =3y -Py (5.45)
T 2L3

Note that the stiffness, k, at the free end becomes k = 3EI/L3. With this

value for the stiffness, k, Eq. (5.45) is identical to Eq. (5.1ll1) or

Moreover, the kinetic energy for the cantilever problem is

T = % .f;' p(%)zdx (5.47)

where p is the linear mass density. Substitution of Eq. (5.42) into

Eq. (5.47) yields

1 (331 o2 !
- 1 (331 |
T 2(140 y (5.48)

which 1s similar to Eq. (5.12), provided that m = 33pL/140. Eq. (5.48)
indicates that for the assumed deflection curve, the continuous beam is

equivalent to a spring-mass system with k and m given by
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k =3E1/L’ and m= 33pL/140 (5.49)

Moreover, the continuous beam is equivalent to a weightless beam
with a concentrated mass of m units at the end (see Example 1.5-3 of
p. 19 of Ref. 37).

On the basis of the above analogy, the results of the spring-mass
system are applicable to the cantilever. In summary, for a prescribed

maximum tip deflection, Y, the various critical conditions are given by

Imp__ = lim (Pt ) = (mky1/2 ¢

t =0
° (5.49)
1/2
=To.7074 ELo 17 y
[ -
L
P, - %} = 35% Y (5.50)
yncr 2L

Finally, for the case of suddenly applied loads of constant magnitude
and finite duration, the results of Fig. 5.3 are applicable provided that
the proper expression for p is used.

According to Eqs. (5.23), p may be defined as

3
W T3EN P, (5.51)
yncr

Note also that the magnification factor, D, in this case is the
maximum dynamic amplitude (?) divided by the maximum static response.

The Imperfect Column

The imperfect column, under sudden application of an axial load,
typifies structural systems with static behavior shown on Fig. 1l.1. Note

that. such a system, when of perfect geometry, is subject to bifurcational
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buckling with stable post-buckling behavior (smooth buckling). On the
other hand, if there exists an initial geometric imperfeqtion (small
initial curvature), the system exhibits a unique stable equilibrium

path. Moreover, this system has received the most attention, as far as
dynamic buckling i{s concerned when loaded axially either by sudder loads
or by time-dependent loads. Two complete reviews (with respect to their
date of publication) of this problem may be found in Refs. 38 and 39. As
mentioned in these references, the problem dates back to 1933 with the
pioneering work of Koning and Taub (Ref. 40), who considered a simply
supported, imperfect (half-sine wave) column subjected to an axial sudden
load of specified duration. In their analysis, they neglected the effects
of longitudinal inertia, and they showed that for loads higher than the
static (Euler load) the lateral deflection increases exponentially, while
the column 1s loaded, and after the release of the load, the column simply
oscillates freely with an amplitude equal to the maximum deflection. Many
investigations followed this work with several variations. Some included
inertia effects, others added effect of transverse shear, etc. The real
difficulty of the problem, though, lies in the fact that there was no
clear understanding by some inveatigators of the concept of dynamic
stability and the related criteria.

According to Ref. 39, definition of a dynamic buckling load is
possible only if there are initial small lateral imperfections in the
column. Instability stems then from the growth of these imperfections.
"Buckling occurs when the dynamic load reaches a critical value, associated
with a maximum acceptable deformation, the magnitude of which is defined
in most studies quite arbitrarily.” There is some truth to this, primarily

re..ausc the elastic colum does not exhibit limit point instability or any
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other violent type of buckling under static application of the load.

There is need for a cautioning remark to the above statement, though.
Analytically it has been shown (see Ref. 50) that, if a perfect columm

is suddenly loaded in the axial direction, the fundamental state is one
of axial wave propagation (longitudinal oscillations). For some combina-
tion of the structural parameters, this state can become unstable and
transverse vibrations of increasing amplitude are possible. Therefore,
for this perfect colum, there exists a possibility of parametric
resonance, which is one form of dynamic instability. In spite of this,
mostly all columns are geometrically imperfect and therefore, it is
reasonable to investigate the dynamic behavior of imperfect columns
including all variations of different effects as reported in Refs. 38-49.
These effects include: axial inertia, rotatory inertia, transverse shear,
and various loading mechanisms. Moreover, experimental results have been
generated to test the various theories and effects.

Finally, the criterion employed in Ref. 39, is the one developed by
Budiansky and Roth (Ref. 3), and it is applicable only to imperfection
sensitive structural systems, such as shallow arches, shallow spherical
caps, and axially-loaded, imperfect, cylindrical shells. The reason
that the application of the Budiansky-Roth criterion can possible yield
reasonable results for imperfect columns lies in the fact that the corres-
ponding perfect configuration (column) possesses a very flat post-buckling
branch. This means that the corresponding imperfect column can experience,
at some level of the sudden load or impulse, very large amplitude oscilla-
tions (change from small to large amplitude oscillations). Note that the
static curve for the imperfect column (static equilibrium), if the load

1s plotted versus the maximum lateral deflection, yields small values
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for the maximum deflection for small levels of the load. As the load
approaches the Euler load, the value of the corresponding maximum deflec-
tion increases rapidly. On the other hand, if the criterion were to be
applied to an imperfect flat plate, it is rather doubtful that reasonable,
or any, answers could be obtained. This is so because the slope of the
static postbuckling curve, for the perfect plate, is positive, and the
imperfect plate exhibits a continuous bending response with smoothly
increasing amplitude.

Next, the concept of dynamic stability, as developed in Ref. 1 and
discussed in Chapter 1, is applied to an imperfect column. Consider the
column shown on Fig. 5.5. The length of the column is L (distance between
supports), the bending and extensional stiffnesses are uniform, EI and
EA, and the sudden load, P(t), is acting along the horizontal, x, direc-
tion. Let u be the horizontal displacement component and w-w° the
vertical (transverse) displacement component. For the analysis presented

herein, the initial geometric imperfection, w°, is a half-sine wave, or

v (x) =w sin TX (5.52)

The kinematic relations and the relations between the axial force,
P, and bending moment, M, on one hand and the reference axis strain, ¢°,

and change in curvature, n, on the other are

o]

e "¢ + 20 (5.53)
o .eg+1(d_v)2 _l(Q_Wiz
e dx 2 \dx 2 \ dx
S N S
dx dx
P = FA¢® ; Mx = EIy (5.55)
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*
Moreover, the total potential, UT’ expression for the system, is

given by (for details, see Ch. 7 of Ref. 32)

2
'fLma mJ“*PWU (5.56)

Furthermore, the same nondimensionalization as in Ref. 32 is employed,

or
i
e = up =B g -2
- (5.57)
p = _L_ . M = —!-4—.':_ U - wT
] b}
PE pPE T PE'EEL
where
2 2
2 = _I. . = IT_E—I . - = (Ee\
p e PE Lz ; and € L) (5.58)

With these nondimensionalized parameters, one may write

) [2 it (“'\2 (ﬂ;>21 (5.59)
! €E
' e (0" - ng) (5.60)
1 1 1 ' N2 "o 1" V)
f Ur =% f; -2 {2 E’&/z + (“ ) - (ﬂo) } + 2<n - no> ]
| g (5.61)
4 -
; + ;;;T7§ P v(m)
l
! where ( )' = :—g
% From Eq. (5.59), one may write
! ' " 2 -
; M /2;1 ( ) (“o> } +3 (5.62)

and
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] 2 | 2 | l\2'
j:)' v dE = v(n) = - EEI/Z[% j‘;[ n \ - (n ) Jag + n (5.63)

Use of Eq. (5.63) yields the following expression for the total

potential,
" w2
R R T U O
) ) (5.64)
BRI - () e ]

Note that in obtaining Eqs. (5.62) and (5.64), use of in-plane static

equilibrium is made, or
p™const = -F (5.65)

For the dynamic case, this implies that the effect of in-plane inertia

is being neglected.

Next, let us consider the case of a suddenly loaded (by an axial

force) half-sine (imperfect) column. Then

w
o ™= o
wvooE W 8in 1 ﬂo = 7; sin € = e sin § (5.66)
Let the response, 7, be the form
r
N =[A() + e] sin € (5.67)

The implication here is that at time t = 0 T = e sin &,

Use of Eqs. (5.66) and (5.67) into the expression for the total poten-

tial, Eq. (5.64), yields

2

UT = - 2p

+ Az - 5( 2 + ZeA) (5.68)




A modified potential, BT , is introduced, such that, regardless
mod
of the level of the applied load, the total potential is zero (modified)

when t = 0 or when A(0) = 0. From Eq. (5.68), it is clear that

2

ET = ET + 5% = A% . I:'(A + 2eA> (5.69)
mod

The modified total potential is shown graphically on Fig. 5.6 for

P =0 and p = specified value.

As in the case of mass-spring system (note the similarity), critical
dynamic conditions can be established, if the maximum allowable amplitude
is specified as X.

Only the case of a suddenly applied load of constant magnitude and
infinite duration is presented herein. From Fig. 5.6, it is clear that
Py (load for which the system will not exceed the maximum allowable

@

displacement, A(t) < X) is given by

2é§cr
X=1m= or B, =7 (5.70)
p.cr crm e
@

On the other hand, the static load required, such that the maximum

static deflection does not exceed the value X, is

P = e (5.71)

Note that the above expressions, Eqs. (5.70) and (5.71) hold for e # O.

to p is given by
® crlt

The ratio, pd, of Ecr

d - ® X+e - 1+(e/X)
P Per X+2e - 1+2(e/X)

(5.72)

fhis result is shown graphically on Fig. 5.7.
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Fig. 5.5 The Imperfect Colummn

Note that, for very small values of e/X, the ratio pd, is close to 1.

For e/X equal to one, od = 2/3. Finally, as e/X becomes very large, then
pd approaches the value of one-half.

Parenthesis

1f load p is applied quasi-statically the maximum deflection, Ast ,
max
. SB
Ast 1 (5.73)
max

If load P is applied suddenly the maximum amplitude, Ay is given
max

dmax 1 P

A - 2€P (5.74)
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Fig. 5.6 Total Potential for a

Suddenly-Loaded Half-Sine
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Fig. 5.7

Ratio of Dynamic to Static

Load versus ratio of imperfection
parameter to maximum allowable
displacement (for the imperfect column).
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On the basis of the above, the dynamic magnification factor, for this

case, is

D= A.d /A = 2 (5.75)
regardless of the value of e,
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I BLock DIAGRAM

MAIN PROGRAM

[ Dats ™™

Coleulates olll Roads amwd
defov-moXion wo desy ()V“W\'bg
out ol meuk doko omd
output paramelers.

D}y

¥

Pj

IMPERF COEFF COEFNN

The \wpev{edim Collenlaes o] |Colemblodes ald
mode of oy peinty |oefficieds | |coefficients
fov Oy Fouvier whna cha owe indel oW owe de -
orw . Subreuli-| [pendesd of || pemdedt on
ne wwhtew b C\WQ&M Civeamm

usev 7| {wowe nwmbert) |wane nuwmben(n)

9~ (&
POTERS TRANSF PoTsN
Algorithm Sor | [Crestes vedon Collomloda, tated 1=
Solu{vxs‘w\l Qivear w‘;'\ Ve W ,‘:‘ E:\?“t‘x;‘:::‘l
Sy<lewmn , Eqs B357) W, ,&u} prev- “d

ow ° io

gl [fo et |[NonxP

. wctn .
des greyper Mj :t::;.\;io‘\j‘ f—ﬁ&u&ﬁ&s ‘vespu‘ase
A\‘Q-\'u;ti.um &or ew (hese to eyond mi K eomtﬁ..A
pos b bt gonk | | Gommrs stage.| | Enables, wser ta
ooy sis, e . st studiow 4o omy

desived foad fouel.

\
OL




ABCG YsYmy ymy INVERT|
Gemerakes Matvix ope- Matvix Gives .
Subwokiien A8, voliow Opevaton| lingevse
. A-B-CsD B o} +he
Comd g of ‘:\'Q‘)' AzBxC woalvix
of Qg‘?. 256. .
XWRITE AXREAD

Weike Hae iviter- Read. i

MR : . ead Svom divect
A Md“m solilion oggess, (22), +he
cn divect access

topes. intermediake
[21) awd @3], solution .
' l - ]
BOUNDR RSTG
Creoles wmaterices E,i",i ,Egs (356 Creales wmolivices RSV %)
for aﬂwovna&g ‘oovm&a.wﬁ Eﬂ‘o (&“)',Q“"—\‘BY‘\M awsl
Condkions , qu,(&“ \a)-é.“‘ \:) Cnmpoi-'\tﬂihb.
omd (3.50),

Are X
Calalade, Coelficiets by d\ma.'ns

&o\«“t FO\MN.Q"* ”\";% b <) .
(we el 26 omd 29) ¥
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CommMmoON CARDS

1) Comwmon/CINTG/NEGPOT M1 (500)

NEQPOY - Nuwber og vo'w\\\ w anal dwection
MI (500)- The ovder o} €q. T ,MI(T) [Mwﬂ)i«%‘\o Ref. z‘i]_

2) CommoN/ROLUND/LSY,LSN
Definition of \oowm&&ﬂa Condilion ot W ‘Xﬂt gont (Lsy),
and ol Ra Qask ponk (LSN) o} Rz shell,

3) Common /FIDFR/DELTA,ALL ,,GAL,AL2,BT2,CAZ.

Coegeiumfrs o& {Xn‘\tk dig{mce Q—a\'vv\ , A,Ki:-&/aal
y“z sfen , «&= ¥/, = -2/80.

4) Common/FOURIR / KFOLR, K6 ,k4,K3, K2, K1.
Fourme~ secien Limik (K:\(Fou&) owd ?thers
c\epw&bd- own ¥,

S) CommoN [GEOM /RR DD, Haa Wiz, W2, Ryg Qg Bep ,O1, DisPez
Sheld %mmém'c ‘)wmmausﬂ,b,ks ’Q“S 'L‘i TEqs- 3n2) -3.14)].

, ©) cOmmoN/FAcTov./ct,C'z, . %3 Y
' Coelfirents whih ave depomdend an Gveum avesliad wave wnhor,

; 7) Common /FACT2 /DLA-DL4, DAL - DA4, DBZ,DB3 DBA, XNT, Exxp -

Cog‘%ig;mts rs 'Yz '\‘3 'XQ ’2\1»31 »93 g ib‘l :bhbt ) V’) E“P‘
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8) CommoNn /CO1SK/T24(504),T22(504)
Divect occess doka sek 24 omd 22,

q) Common/FACT S /DLS , XL, XH.
wa\er&v‘, XL=L 6 Xxu=¢.

10) Common/PRES A / WM (200,5))ETM (200,5) WP (mo)g)
The vedor o\- previows solutiom Wi , W ,omd W,:\

Q\‘ ‘70\.\'\'\-2_ {,,g- Touvrien LTercwa _(_: .

11) Common /P RES 2/\W Z (200,5) WZ P(200,5) ,W2ZPP (200,5)
Iw\‘mrgec'\\lon mode W° \Wol) WON ok ‘n‘\\»\\. _!_,__
-‘vr Fou«-‘“ 't.er(‘m _\_._

12) CommoN /PRES 3/ FM (200,8) ,XF M (200,8) ,FMP(ZOO,S)
Ve vedor o\, ‘)m'\ovvi solulion e“ ,.e‘: ,Ow\& g\:
Of- VO(V\t L ,&d‘f Fourier WM i._.

13) commonN /xxLOAD/XPRES
XPRES - h\‘&ns‘hi.\c presswre .
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\4.) COMMON /Nepr/IPS HLINXX P X

TPS - The Fouvier (44) Number £ov whch
'H'\e UM\‘V\ONV\ dnY\QMeW\Q,v&, lA V'EVQMEA

‘0‘3 ‘e Doxd fackow (and tveoted on \mown).

INXXPX ~ See Weer's wanwunal

\S) Common /SHETNN [vouT (12 ,130) VPor (7,139
IVouT

| Avmss %v @v‘\\o\kou\’t.

\6) CommoN/xx NN PP/XNPL XNP3

. et Path
xNP A - the Dk fov e 9y B

,gavt'\. m& Sigiﬁ:‘
XNP3 - e Q,wv\ k {iwdh '{ ]
“’e\\vx VJL\ T"“‘/

u

é
t
|
|
i
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R S

\__\sgiz)s MANULAL
I Flow CHART FOR DATA PrePARATON

TATLE SAB

Any alphaviumeric \uformokion Sov
cose 1itle (72 (,o’.u.mws) )

l

101G

NEQPOLKFOUR.,LS&,LSN,L?R\NT ,\-M0O,
LODET.

NEQPOT :No. o} poits 1w x-direlion  (S<NEQPOTE200).

KFoUR | Foupier Sc@ies Liwer (‘d,(OS\(FO\RéA).
v 1S POKIBLE To INCREASE kFouRk AND NEQPOT wy
CHANGING THE DIMENSION AND COMMIN STRIEMENT,

LS4 | BouNDARY (ONDITION OF THE FIRST PowT,

LSN * BoundasY CONDITION OF TWE LAST PoNT,
Nobe:Ls:=4 &fov S3s4  4=2 far SSR , 1523 §ev SS3

Loz8 fov $54 , LSS fav CCh 1826 fov CC2
Ls:7 o CC3, L5:8 Qo Cco 154 FFL,
L5240 for Syvmilng condiliom omd LS =44 v
Mt\'“ynw\ebﬁ M&‘\*\W\

( (mﬂ.’& )

147




';
|
|
|

(cont’d)
LPRINT 0= minimwe privileut ¢ 4 = maxwnwnn printouk
LMOD 0+ doerat privt woden, 3 privis wodes

IODET 0 - dotr wat alewlote dekorewinonk
- @ledlade, dedermimod ond vriv‘h Y 3

AP (32K44,12K+4) , BP (12K +4 ,A2K+4) CP (12K 2 4\t 4)
PR (42x 44,17k +a), GP (1244 1), xP(k+4,4),TA (n¥ad) ,C(\zkm),

MT (12x4a) , V4 ((2k4a) # (a20 4 4)),
CONMON [PRESA WM (NERPOT vit), ETA(NEQPTT k1), Whe (veaPor,
Commou[PRes 2/ Wz (NEQPOT, ke 4) ,sz(uee.m ¥a4), WZPH(NEG PO ko 1).
Commox[PRe 53/ F M (NEQPOT, 21) X FM (NEQPIY,20) F P (NEAPET , 2K),

Kil),

/ RR , XLXH ELAS,XNI ct124
RR : Radiws ok Hle culinder

XL : Length o} +a wylinder

XH : Thickwness of He inn&ev

CLAS © Modulus o} Eloskicily
XN ¢ Porsson's voXio .

A2

-~
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A2

AMD:Y\-AMD, EX,EY,RHOX, RuOY bE12.4
XLAMD = Dxx ’—(L-vt)Ax /\_lx

YLAND

Dyy = (4-v" IRy [ty

EX 2 Stﬁv\%w eccembnr c'\,b) ?&MM (va swive '\m»o.r&\

EX = Ring eccewbricity povemder (posikive (nwavd)
RHOX = §,, = Elxc /D

RHOY = P = €Iy /0y

!

The pier mntl wnke subrowtine TMPERF $ov
de‘a‘n‘\tm Ol Ha 'mvmg-cctiev\ omd e dervolives.
Wz (1,7) = \I\J° ( positive iwword )
wzp(5,3) =W°’
wzPP(r,3): W
J : 4, NeQqPoT wesh powk
T - 4,kFonr+s  dov ol Fourier kiews

% .

Nite Hat siwce W' : 'Z_w:(x):os"-'-‘i
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o

3:1 ‘ov L:0 ,u.l I - KFOUR A Awr e kFOuR

ey
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" InxxPX, LNXxPX ,TPS LD RWY

INxxPx =4 Lov Vi Owd P 0 kuown
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APPENDIX B |

l COMPUTER PROGRAM

(CYLINDRICAL SHELL ANALYSIS)
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/408
/NOSEDN
NIRITCMLi6UL0JJ+T1500,
USER.
FTNL,OPT=C,
LGOLINPUT,QUTPUT,DF L ,PL=99955,
REPLACE)OFI.,
/EOR
PROGRAM MAINCINFUTOUTPUT cDFIL+TAPESSINPUT, TRPEESCUTPUT,
ATAPELOSNFI L yTAPE2C s TAPL L, TaPc22,TAPLED)
Cc POST SUCKLING OF STIFFENED CYLINDRIZCAL SnELLS UNDEKR UNIFORM AXIAL
[ COMPRISSIIN (KDL IMNcAR THEORY)
C AN EXTENSIC.« OF THE PROURWY FCR LOAD LZV:lL CVek The LIMIT
C POINT maS SCEM DOMNE ON MCVCP3ZR 1960 IN GEORGIA TECK BY
C SHE INMAI
COMMON/XXLOAD /XFRES
COMMOL/CINTG/ NE@QP LT M1 (50G)
COMMON/IOLNO/LSTyLSH
COMMON/FIOFR/OELTAWAL L sGaLe 8L LoBTR24 GAZ
COMMCN/F OURIF /KFOUR yKo yK& 9 K34 KZ, K1
COMMON/SEGM/RRI D0 ML o HL24HZZ Q1190324022+ 01140224022
COMMUN/FLCTCR /CLoC29C3sC4eCSsCHICT s CB4yCY9CEC5CL14CL2
COMMON/FA Tc/DU Lo L2y OLI 4Gl uwe DAL, DA230A3y DAGy UB2 908 39034y XNIHE XXP
COMMUN/COISK/I2:(508)+122(500),1231501)
COMEON/FACT I/ DL Sy XLy XH
COMMCN/PRES /WM (Lu0 95) JETM(L10C o5) g 4MP(1C0.y5)
COMMON/PRES2/WZ(20945) WWZFILGS95) WZPPLILA,5)
COMMON/PRESI/FM(LI00€) 9 XFM(LGG93) sFMP(LBD 48)
COMHON/NEWPT /7uPS o INXXFX
COMMCW/SHEINN/VCUT (12,230 ) s VPIT(74130),1IVCOT
COMMO 4/ XX NNPP /XNP L s XNF 3
COMMON/RVK A /XIMPS
DIMENSION WHM (S)FFM(E)
DIMENSIIN TI(ai0)
OIMENS IV WF Ly S) oXWF (2,5) FF(2,8) 4 XFF {2y &)
OIMecASION AP(52+52)45P(52452)9CP(52+52) +yFR(S2952) yGP(5Z 41
DIMINSION XP(5242) 9T21(S2)4CCI52)eMT(5E) 4V 2(270%)
"DIMENSION 0P (52,41)
c 270w=52%5¢
DIMENSIIN WCON(ICeS)eFCGM(20s0)
C ALL Thre CARDS WITh -SIGW % IN COLUMNS 73,7¢ DEPEND ON NUM3ER
C OF POINTS AND KFOUR
EQUIVALCNCE (AP (L 42)eVit(1))
CALL OPEINMS(Z14121+50146G)
CALL OPLINMS(22+1c24+55250)
CALL CPENMS(c3+v123+50a40)
ECONV=Csuul
ECCAN=3,uda
MAXN=5¢
MAX2=MAXN*4AXN
NRH3=.
NJ=100
NW=S
NF=38
REWINO .6
c NJyNW  NF <« FOR DIMZASION ee NJsMAXIMUM POINTS ILid AXIAL OILR=CTION
C NW= MAxIdLY KFOUR+. ’ NFz MAXIMUM 2%KFOUR 4 MAXie=1i2%KF OUR+w
C IN ORDER TO INCREASE TWE CAPASILITY OF ThHE PROGRAM FUR MANY PCINTS IN
C DIRECTI04 was RIGRIR LIMIT OF FOLRIER SERIES The uUStk hAS TO CHANGE
C ALL THZ CErUS WITH THE SIGH ®% In COLUMNS 73 AND 74
1111 WRIT:Z(€,2.)
REACKS 410) (TI(IV,I53,9)
WRITE(Ey0.)
WRITL(6.LQ)(TI(D) 013109'
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READ(5,* DIHEGPCT yKFOUFLSL1sLSNoLPRINT,LMOD,IDJET 4b

IF(LFRINT.EQe 2)LMOD=L % 4
READ(S¢® ) nlRe XL o Xrob LASy XNIy XINMNPS } L8
READ(5+® )Xo £WD¢ YLAIIC oo XX EYY JRHOX y RHO Y ©9
IOV k=0
JPR=0
IVouT=g
EX3=EXX 50
EY==EYY 51
C SHSSBS9B2088s R 52
CALL COEBFF(EX EY o XLAMC+YLAMDyRHOX yRHOY,ELAS) 53
[ L 2T RRYRERTY X3 Sl
WRITE (64 350)NEQPOTKFOUR,LSLy 1SN 55
WRITe (E92JG)RRy XL o XHy ELAS+ XNI,OCEXXP ' 56
WRITE (E9ST3IXLAMD ¢ YLRMDWEXXLEYY ,RROX, RHOY 57
c sss8s3204s 58
CALL IMPERF - 56
c (XYY XY PR LYY ¥ 3 60
WRITE(6s508) 61
00 35 I<=sLl,Ki 62
LKSIK=1 _ ) 63
WRITE 16,513 K b4
WRIT: (64520) : 65
XX20, 66
DO 85 Ilis..NEQFOT 67
WRITE(6,509)X Jo XX oWZ(T10IK) oWZP (L1 IK) 4WZFP (12,IK) 66
XX=XXeDELTA ‘ 69
85 CONTINUE . 144
IF (LPRINT.ME.L) GO TO 39 71
WRITE (645u0)0ELTFA AL 96uiyALL93T2,548 72
WRITE (645320 3L +rHL24MZCs0111R:20Q22 73
WRITL(€:502)D11+012+022,052,0B340RY Th
WRITE(E4503)0L140L240L 3y0MM,0LS 75
WRITE(E,5IL)0ALIDRZ,0AZ,DAN 76
39 COWTINUE . 77
DO 63 I1=1.NEQPOT 78
DO B4 J13i,.X) 76
Wh(Il,Ji)=0. 80
ETM(It,J2)=0C. 81
WMP(IlyJa) =0, 82
64 CONTINOE 63
DO 65 J1=.,K2 34
FM(Ii,Jdi) =3, 65
XFM(ILyJ2) =0e 86
FMP (I1,J1)=0, 87
65 CONTINUL 86
63 CONTIHUE 89
LP=0
INXXPX=3
REAC(E,® ) INXXPyLNXXP X, JFR oL FRoRW
RW1=10).*RwW
WRITE(os7CB) ZNXXP LHXXPX s RWL :
706 FORMAT (/72X " IMXXPXZ"y 155X "uNXXPXE" oI/ 42X "THE INC REMENT OF j
L WIS "BL2.beiXy "PERCENT™/)
REAC(54* JOLND oXNXXy XFKEC s ONXXJACCURIRIT +XNF 2o XNP3 93 ;
IRR=RIIL 91 i
IF (IRR.2Q.0)IRK=} 92 :
I0LAD=QLND S3
ONX=DhXX 94
XPRES=XPRLE 95
XFNXZXNXX 96
C YFNXZAXIAL CCHPR: S3I0N, XPRESSHYOFOSTATIC PP SSURE, XnYX=StITHMER XFNX 97
€ OR XPRL>S ~CCOvWODING TO IOLNG 98
GO TO(78472+73),10LNO 9
159




71

72

73

263

202

6

c 9

c L J

“«9

213

216
555

WRITE(GyS5-L)IXFRES s XFNX 4INYX,4ACCUR

XNX=XNXX

XNL113XNXX

GO TU 7

WRITe (6,512)X FMXy XPRE 3y0NX 4 ACCUR

INX=XPREE

XN11=XFRES

60 TG 74

ﬂRITL(s,SLDXNX Xy XPRES yONX 9 ACCUR
IF (INXKF.2Qe 13GO TO 20c
WRITE(£+263) INXXP . IOLNO
FOFMAT(//79lX o THE OPTIAN OF INKXFX =%,15,cX,*“ANO I0LND3Z®

14I5,2X,"I5 NOT AVAILABLE YET"/)
STOP
CONTINUE

TLMDX= XNXX

XFNX=TLMQX® XPKE S

XNX=XPREL

XNiiSXFRES

TXNX2L33ue®XNX

REAC(59* ) INCN+INONL,INON2 4INON3
READ(S5,* ) NNN, LNNN, I.NW

NWAVE =NNN

IF(INXX2 NE.1)LNNN=,
(YIS IR RN T YW AN T

CAuL COEFNN(NWAVE)

QPS4 IR IIBe N8BS
WRITE(E,555)MNN, INON, INCNi, IHONZ, INONZ
IF(LFRINT.NE. L) GO T0 3
WRITe (6,5.5)C 1,62,C3,C 4 C5,C6
WRITE(E+507)C7,C84C5,LC20,C0i29C12
COGNTINVE
ILR=(

LICON=:

IFOTT=0

CALL SECOnI (T IMN1)

WRITE (6,745)T Il
TIM23TIML
TIMusTIY2
TINN=Q

IFCINONEeEQ 2 IWRITE (264,20 0(TI(IL) +18=4,5)

IF (INXXPHE L AND.INONZ.EQ.2) GO TO 212

GO 7C 555

RIAD(Sem L) ((WH (TL9J2) s T1214NEAPIT) 4J1=14K1)

REaD (34224 CCLTMUILoJa) e T1Z L oNEQPOT) o 12 =1 ,K 1)
Read (591 4) CUATF (12 0Jd2) o 1452 yN2QPCT) pJ13L KD
READ (Secatd ({FMUIILsJ2)4ZL20 o NENPIT) s Ji=2eKSE)D

READ(Secla) ((XFM(IZ,J2) v 1122 ,NLAPUT) g Ji =1 4KQ)
READ (5420 ) (UrmP(12¢JL)oI122,NEQPOT),JL=1,4K()
FORMET (5816 8)

60 TO 815

LN=4
IFCICLNOE .2 ) XFNX=XNX
IF(IOLNQ-EQ.&.OQ-IDLND.EQ.S)XPRES=KHX
IFCIOUNT.EN.3 ) XENX=TLMOX*XPRES
I0ceT=I00€ET
CAL. POTZRS{IOLTyNRHS  MAXNsAP 43P 4CP oGPy PRyXPyCCoMT sTL oV 19 MAXE

LIXPM,OETH XFNX LN NIy Ny NF,LP,DF)
IF(LPRINT s o) GC TO 20:=
CALL 3ZCORNIIT ING
TIMASTIVI=T INS
TIM2=TIM3
TIMG=T [13
WRITe (EyuL AINWAY. XFN Xy XFFES, TIML

160

100
101
102
103
L0«
105
106
107
106

109
11
111
11¢
113
114
115
116

117
11l0
i19
120
21
122
123
124
125
126
127
128
129
139
131
132

133
136
139
138
137
136
139
160
16l
P Y4
1643

lbb

lu5




101
DYAN

102

104

103

105
1051

106

333

113

112

57
115

CALL TRANSF (W y XHF ogFF s YFF gNW o hF 929 T1oMAXN 1 9o PRINT o WA o X NP oL P)
IDET=TONET

IF CIDLANDLEQ LI XFNY=XLIX
IF(lOLHU.EQ-c .Od.IDLI‘)C.:G-3)'FQ(S=KN¥
IF CIOLNOJLN.SIXFNXSTLMOX®*XPRES
IMAX=3

WMAXZ(,

ITER=0

DO 102 Ji3iyx1

WMAXSWMA X tWH(4y J4)

D0 1G3 Ii=2,NENFOT

WMM=G.

DO IC“ J- AIK‘

WHMM=AMMeWH (22 4 J)

IF(ABS(wi'™) ol ks Aa<(uﬂAX)) GC TO 163
WMAX=WNM

IMAX=11

CONTINUS

JuMax=1

WHM (L) Z4M([4a Xy 1}

ARKWMSARM (L)

IF(XL.8Q1.) SC TO 1(5)

D0 105 Ji1=324K1

WWM (JLY =AM {IMAX,J1)

IF(ASS (WWM(Jd)) LE.ASS (ANKM)) GO TO i(CS
AnWMzHWN (J1)

JNMAX=JY

CONTINUE

JFMax=1

FFM(L)2FM (IHA Xv i)

AFFNSFFM (L)

IF(K2.EQedl)Y GC TO 333

DO 100 J.=24K<

FFM(JL)=FM{ IMAX ,J3)

IF(ABS (FFM{Jsi 1) s LEGASS(AFFMIY GO TO 1UB
AFFMEFFHU (J2)

JFMaxzJL

CONTINUE

(NEY)

ITER=ITEK+L

IF(ITER.LE.10) GO TC 113
WRITE(B,11G)] TER

GO TO 93¢y

CALL POTERSUIUITINRHS ¢ MAXNGAP JEFsCPyGPyFR4XFyCCoMT o T1,4V 1, MAXL,y
LIXPH DETH, XFNXoLN s NJ yNW,NF o LP , BF)

IF(LFxINT.NE. i) GO TO 111

CALL SECONO(T IM3)

TIML=TIM3=T Mo

Tl*c TINS

WRITE(Hyiil)I TER NHAVE (XFUXXPRES T IMY

CALL TRANGFUWFy XA FyFF o XFF oWy NF 920 T Ly NAXN L yLPRINT o WH X NP oL P)
00 115 JUl=z1.2

IF(WM(IMAX,J. ) HEe3.) GO TO &7

WCON(ITER,J L) 26,

GO T0 115

CONTINUE

HCON(ITER.J‘)‘Aa:((uﬂ(IHAX.Jil-udH(J Y)/NM(INAXJ2)})
CONTINUE

WCHEWCON(ITER y JWMAX)

IWHEJWNAX

00 116 Jo=z14k¢

IF(FH‘IHA)QJZ)C’L.G.' GC T0 K5

FCONCITER,J2) =0,

GO TO 1€

161

146
167

156

162
163

165
166
167
i64
169
179
171
172
173
176
175
176
177
176
179
130
i81
182
183
86
a5
136
187
185
189
190
191
192
193
194
195
196
197
190
195
200
201
vl
203
204
265
206
207
248
209




58 CONTINUE 210
FCONCLITER,J2) SA3S ((FMIIMAXJI)=FFM(JL)) /FMLIMNAX,J1)) 211
f 116 CONTINLL 212
' FCHSFCON(.LTER y JFMAX) . 213
» IFHSJFMAX 2146
IF (LPRINT.NE.Z) GO TG 117 215
; WRITE(E)L1B)ITERyWCHyFCn 216
WRITEL(Es21:9)(JL WCON(ITERYJI) 9 J1=1,K1) 217
WRITE(EZ 219V (ILFCONCITRRIJL) vJ151,K2) 213
: 117 IF(WCH.GT.£QONV) GO TQ 3194 219
1 IF(FCAGT..CONV) GO TQO 19« 220 .
: 60 TO 138% 221
; 196 IF(ITER.LE.Z) GO TO 19¢ 222 g
IF(WCONCITRRy IWH) «GToWCONCITLFR=2,INN)Y GO TO 287 223 |
IF(FCONCITERy iFM) oGT.FCON(ITeR=2,IFH)) GO TC 1937 224 !
GO TO_19¢ 225 g
197 IF(XNXJNE.XN12) o0 TO 198 226 ‘
, WRITc (€,99]1)xNX 227
GO TQ 3493 226 i
196 00 131 Ji=i,K1 229
131 WWM(JL)3A1(IMaXed2) 230 iy
00 132 Ji=1.X< 231
132 FFM(GLIZFMIINAR J2) 232 :
GO TO 2335 233 !
195 IF (IDLNDEQes VXFiNXSXNX 234
IF(IDLMDEQe2 s URe IOLMO £N.IIXPRES=XNX 235
IF(IOLADERSIXFNXSTLMCX® IPRES 236
IVOUT=IVOUT <1
CALL PCTSN(FIToPOTMsSTRYy35TRA 41 elel o XFNX) 237
CALL SECONO(TIM3) 23¢&
TIMI=TING-T NG 236
TIMZ2TIMS 246
TIMWSTIM3 261
! MRITE (693 IXFNKy IFRES yMNWa VI ITER, T IM2 262
! WRITe(69c62)P0TPTTH,STRY,,STRA 243
; IF(ID=T.EQea) AWRITE (S 42u3)0iTMIYPA 2ht
' IF(.MOGC.Nk.1) GO TO 478 245
‘ CAL. TRANSFUWF o XWHFgFF o XFF yNWogNF 42y TL19MAXN 2 35 9AH o XNPyLP) 246
; 7A CONTINUC 267
: IF CUNNN tlie 26 eNOSLICONNEL10) GO TO 566 260
! IF(.ICON @ .10) GO TO €9 245
; ILR=1 250
GO 10 777 253
629 XNXL=XNX 25¢
IINN=IINNHe1 253

VOUT (1.IVOUT) sXFNX

VOLT (2, iVOUT) =XPRIS

VOUT (3, IVAUTY =PCT

VOLT (=, IVOUT) 3P CTN

VOUT (5, IVOUTY SSTRY

VOUT (b IVOUT) 35T RA

VCUT (7,IVUTI=G.

VOLT (9,I1VOUT) 22,

IF(LFEA GO TC 7214

VOLT(7,IVOL T) SH¥(LPg2)

VOUT (S4IVILTI=wM(LF &)

7314 NSHK= (NEUPOT#1) /72

VOUT (5, IVAU T 2w M (NSHR L)

VOUT (L ue IVUNTIZRNM(NSHR 4 2)

VOLT (L1sIVOLT)SITER

VOUT (1o IVUMT ) SNHAVE
IF CINYYP NEe 2e ANOJLNXXPX.ER. 216D TO &26
IF (INx¥P, ME, aohiiDLNKXPXJBL,Co ANCo IOVERSEQLIGO TO 415

IF(IINN.LELIRRIGO TO 724 254

162




r21

24

198

29

249

819

815

945

947

946

WRITE(E,7<2)] INN
GO TO 3993
CONTINYZ
XNXZXNX+*DNX
IF(TXNN,GTXidX) GO TO ZCub
DNX=DNX/2,
ANXXNX=0ONX
AON=CX®150/7XNX
TINN=LINN=1
IF(ADN.GTLACCUR) GO TO clg
XNX=XNX3
GO0 TO 819
IF(INON.EQ.1) GOQ TO 555
REWIND ¢0
WRITE(253) ((WM{I29J1) ¢J232oK1) ¢ IL3L NECPOT )y ((ETHMIIL1oJ1) yJ132,K1)
L9I1=2 ,MEQPOT) s C(WMP L2 ¢ Jl) g JLS19Ki) I3 NEAFGT) o ((FMCIL, JL)
29J1314K2) 21 =2 MEQPCT)y (UIXFM(I1,J1) 9J131+4K2) 015319 NEQFOT),
JCFMPLIL U ) e Ji=19K2)e1151,NENSCT)
GO TC uub
IF(_ICONNE.LO) GO TO &29
ILR=0
GO0 TO 777
IF(LNNN.ER. 0 GO TO ¢c«9
IPOTT=IFCTT+
IF(LF3TT.GT1) GO TO <49
POTT=P(CT
PXNX=XNY=INX
ADN=ONX*120 .7 xNX
WRITCE (€s5LSINWAVE » XNX
ICVER=1
TXNX=XNX
ANXSXNX=INX
TINN=)
IFCAON.Le . ACCURY G0 TQ 89S
ONXSONX/2,
XNXSXNX 5N X
IF(INUN.EQ..) @O TO 555
REWIND 20
REAQ(20) ((WM(I$4J1) ¢JiZ2ieKL) 1321 NEQPOT) ol IEBTM(ILyd1),Jdi=1,K1)
19I1=2, NEQPOT) « ((AMP(IL9J2) 9 J171,K1) 31133, NEQAPOT) o ((FN(I1,Ji)
20J131¢K2) s I11=1oNEOFCT) 5 (IXFH(TIL JL) 9JLZL4K2) 2432 NEQFOTY,
2((FHP(It.JU.JL=‘.,KZ)'1131.REQPCT)
GO T3 4uw
IF‘:ULNU.&Q.;) XENX=XNX
IFC(IOLANUEN . .Oz.IDLND-EQ.S)XPRES=XNX
IFC(IDLNDEQIIXFNXZTLNOX®XPRES
NRITE(6'735bdnuve.xrux,XFR:S.POT.PDTH.STRY.STRA
IFUINXXF.ERLIGO TO 816
INXXPXSINXXE
WH=(,
IF(LPRER IGO TO Seub
LPILFR
IF(UFREQDIGO TO S48
JFSEJPR '
60 TC Seé
00 w47 u1=2,.K4
IF(ABS (nM) s UEABSIWMILP4JL)))GD TO 947
WHZAR(LFyJi)
JPS3y1
CONT LilE
GO TO y4o
IF(JPR.EQ. G0 TO 94y
JFS3JPR
00 9u¢2 iis=L,NEQPOT

’

163

255
258
257
258
2%9
2680
261
262
263
266
265
266
267
2686
269
are
271
272
213
274

297
29¢
299
300G




942

Y6l

921
943

946

816

IFCABS(WN)  GE«ABSINMITLoJFS)INIGO TO 9he
WASWM(IL,JPS)

LP=I3

CONT INVE

GO TC 9.3

CONT INUE

D0 921 I13L.NEQFOT

D0 921 Jt13si.K13
IF(A35(WH)e G o hdS(WM(iLsJ2)))GO TO 9214
wH=um(I1,J1)
Le=I2
JP5241

CONT INUE

CONT INuLt

IFLP LI 2ILFPEE
IF(LPJGE.NEQPOT= 1)L P=NEQFOT=2

Wz (LF, JFS)

DAWSRN® W

CALL NONX2(XFNYXoWWyOWhyLFy INONLIDOET o NRHS yMAXN yAP 4BFCP
OP oGP o PRy XPy CCoMT g T2 g VI o MAX2 ¢yNJgNA g NFo LPRINT gWF o XWF o FF g XFF 4
ECONV,ECONN, NWAVE JLHCOy IKR yINON2y INON3)
GO0 TO 9999

CONTINUE

C CALCULATION J)F CFRITICAL WAVE NUMBER

566

177

778

139

569

L} 17

WRITE(6,2.)

IF (LNNN.EQ.C) 60 TO 9593
WRITE(6,584)

ILR=L

NHPRIN=NWAV:

NWAVE=NWAVE +1

IF (LNNN.EQ.2) POTT=FGT
POTMINSPOTT

NMIN=NAM

INWAVE =5

ISTCP=(

I19=¢

POT=PUTT

IF CIOLND L O L IXFNXZXNX
IFCICLADL.Q42 «3R« IOLNDEG. 3)XPRESEXNX
IFCICLNDENIIXFNXSTLUMOX*XPRES
IF(ILR.ER.1) GO TO 778
WRITE (64522 )NWAVE ¢ XFN Xy XPRES
GO TO 9353

INWAVI SINAAVE +8

IINK=)

TFOLNNN.EQ.2) FXHXZXNX
XNXSFXNX

LICCN=10

IF(INWAVE.EQ. 1) 60 TO 398
NWPRINaNWAVE

IF(I9.GE.Z) GO TO 634
IF(FOTMIN.LE.FOT) GO TO 139
POTMIN=POT

NMINSNWAVE

NWAVESNWAVE 2

GO0 TO 391

IF(NWAVE .L: NNNe¢1) GO TO 549
ISTGP=y

G0 TO 185

1921+l

IF(I9.6T..) 66 TO 696
NWAVE=HNN- L

60 TO 39.

IF(FOTMIN.LE. PQT) GO TQ 695

164

3014
30¢
303
3G«
305
Joo
307
308
369
310
311
31z
313
316
315
J1¢€
317
318
319
3206
321
322
323
324
325
32¢€
327
328
329
330
331
332
333
336
335
336
337
338
3339
Jel
k1Y)

- ——



PR N S S
NMINztwuVE
NWAVE SNWAVE ~.
GO0 TO 391

695 ISTCP=1
GO Y0 185

3912 CALL COEFNN (NWAVE)

CALL SECUND (T I42)

185 WRITE (@, 58LINWPRINIPXIX,FOT 4T IM2
IF (NWAVE.LE.C) GO TO 96499
IFLISTOP.NE.L) GO TO 7S8
WRITE(G,789)XNYPCTMINNNIN
G0 TO 9999

798 IF(INNAVE.GT. [LMW) GO TO 9999
G0 TC 555

9939 READ(5,* JLCONTN

HRITE (B4 il L)

1021 FORMAT (/74 (Yo" RESULTS FOF CONCLUSIONS"™ /74Xy
1YRRRRAAITIRIARKRARARRIRRRF IRRR/ /7 42 Xy A XIAL LOAD™sE Xy
2UPRESSURE " yAX +“FOTENTIAL " y3 Xy "MCDIFs POT"™ycX,
3*ENC=SHORTY=0",2X +*LVE ENOS™ ~x.'H(LP.U)".:X."dlhlood)“
46X "W(LP, 1) ", 3X,"W(RID, 1)'.-x, IiTER NWAVE"/)

WRITE(Ly2022) ((VOUT(i8sd2)y18=2,12) 901215 IVOUT)

1022 FORMAT (L0E12.42F4.1)

WRITC(6,1023)

1023 FORMAT (/777 42Xy "MODIFICATION CF POTENTIAL ENERGY*///s
L3Ny “FOTENTLAL"  4X " MO0, FOATENTIAL® 35X " PE1=F 0" 3 X,y
2"PEC=FI" 19K " PEI=WI" ,8X, "PE4~NXXW", 5X,"PES=PN"46X,s
3"PEE-NXX¥"y 6X, "PE7 -ANXX"/)

WRITE(E,1026) (VOUT (5 9J 1) o VOUT (he J1) » (VPOT (I14J1)4I1=
11s70,J1=,IV0OUT?

1024 FORMAT(9E1G o)

IF (LCONTH.ER. 1) GO TG ii..
20 FORHAT (iM1)
10 FORMAT (LHO.9AS!
60 FORMAT(//:5M o_GINNI.G OF N2XT CAS: 777)

100 FOR4AT (4016)

200 FCRHAT(6E12.4)

300 FORMAT (//+42% "NJe« OF FQOINTS=",I8,2X 4" "KFOUR2*y I8y 2X o "BOUNDSCON OF

LPCINT 13", 18,2+ "30UND.CCN CF POINT NERPOT=",I8)
W00 FCRMAT /742Xy "RE"4EBL120 412X e " ALZ"yEL2e 42 2X 4 XR="3€ 12 492Xy
LUELASS" EL2.6 4CXe ™ XNLZE 22ab 92Xy 00" )EL20 49X "EXXPS"4E 12 4 4)

508 FCRMAT (/742X "THE IMPERFECTION FORM IN AXTAL OIRECTION IS*"/)

510 FCRMuT (// Xy TS IMPERFECTION FOR CIRGUMFERENTIAL HWAV: ', 16/)

520 FCRAAT (/748X “POINT" o9Xs "LENGTH 412X " WZ" o 14X o “WZEF" 213X " WZPP*"/)

S09 FORMAT(I14,G4E2r0 .5)

S5C0 FORMAT (/7920 "DELTAS ¢ ELC 442X e ALL=" 0B 1204 +2X " GALZ"4EL124442Xy

1AL =" EL Q. k.cxo“BTZ‘“.EIL-k.<X.“GA2'" EL2.4 °
BGL FCRPMAT (/7 ¢cky "HRL1Z% E12s 412Xy "H22=" )Bi2eLe2X9*"*n22="yEL2e412X,
1001 E1 b0 279"Q225" yE120 ks Xs"™R2I3"9ELCe b}

§02 FORMuT (//42X%y 31831 E120092%y"0125" €22 e0¢2X9"D2¢2"4E 124 ¢2X,
108 Z=",E c.luZX."D.!"',Eziol'-LX."OB‘OS"ye.Z.b)

E03 FORMET (/742%™ 0l az"EL1 2044 "0L23" € 124492 X9 0L I=""sEL2sL 42X,

100Uz yEL20 iy DX y"OL5=" Bl i)

S04 FCORMAT (/7 92Xy “OALS* 0t 120 692X ¢ DA22" yE 22 e 92 X9 DAIZ"sE 120 492Xy

1°0a4=",E12.0)

511 FORSAT (/742X "FOR FIXt [ PRISSURE OF “,E1C.4+2X,"TRE INITIAL AXIAL

ILOAD IS “JEL12.uvlX4"THE INCREMENT OF AXIZL LCAD IS “.E42. 4/
12X "AND THE LCCURACY (F=RCENT) UF Tht AXIAL LCAD IS “,E12.4)

512 FCRMET (/74X “FUR FIXE T xIAL LCAD OF *“yi22em9cXe™Trc INITIAL HYDR
L0STATIC FRESIUSE IS™sLiCet/2Y " "THE INCREMENT UF THE AYOROSTATIC PR
2ESSURE 15" ElZetyiXe"AND THE ACCURACY (FPERCENT) OF THE nYDFOSTATIC

I PAISLL ISTL,EL LW
585 FORPLT (/7 /7y "THE CIRCJMFEFRENTIAL WA VE WM 3EF5" 5.

165

342
36
Jotb
3465
Jub

35¢&
359
$64
361
362
363
364
365
366

36t
369

371
372
373
376
375
376
377
378
37y
RT-¥/)
381
R1.¥4
383
3846
385
386
387
288
309




12X s INCN=" 4 10 o TNy “INOH L= g L Se X g"INCN=", Loy /5 v i

SCH FORMAT (/742X "CL="3E12 o&oZX o CE3"1ELC ol s 2 Xy (3" E12 4.
1C =" E82 412Xy "°C5="E 2.4,2X,"CO="¢E12.4)

5067 FORMAT (774X s"C =" 4B L2491 2X"C8="yE12.4+2X, €Y=L 124 by Xy
1°CLUZ"4E 120Gy 20 4"C135" €12, e X "CL2="4EL2, &)

793 FORMAT U/ /4% "ELAFSED TIML="yE12s%49 X" "SECONGS™7)

201 FORMAT(//, %y “IMLTIAL SULUTICN (FROM LINEAK) FOR N="yI8, X, "NXx="
L0ELew92Xe "FoEB12eu/Z X “TIME COPUTATION =" ,E12.4s2%Xy"SECOiIDS™/

3====2=5523T=32=SSITITETIZIIIT=IzIST=IIsas=s=')
116 FORMAT (/742X ™00 OF TrIS CASt BECAUSE ITER GRIATcR THAN “yId)
112 FCRMaT (//42%y "3C.UTION FOR IT_RATION "o LB 42Xy "tz T89X "N 3",
1EL12.00s2X P \E 324 4/2X " TIAZ COMPCTRTION =" £ 12049 2Xs “SECOMDS™/

118 FCRMAT (/742X "I TERZ" 418y X s "WCH="sE15e542 Xy “FCHZ"4E15.5/)

691 FORMAT (//,2%, “THE SOLMTION IS NOT CONVERGED APARENTLY THE INITIAL
1L0AL SHIULYD BE LESS THAN “,EL12.4)

241 FGRMET (/7. ZX!“NO(“.INE'\;. SCLUTION FIR NX=".E12.6.ZX.“P="'Ela.b.zx.
1 N=", 18,24+ 15 CBTAINED BY ", i8,2Xs "ITERLTIONS /Xy "TINE COMPUTATL
20H="E12.4,2X " SECONDS* 72X, “OKOKOK 0K OKIKO KO KCKOK UK 0 KOKOXO KOKCKOKOK
30K* y "OKOKUK OKOKOKOKOKG KIKGGKU KOROK O KOKOKCT XOKOKOK OKOKOKOKOKUKGKOK )

262 FORMUT(//+92X 9" POTINTIAL ENERGY Yy EL747 :2X, “*MODIFIED OF PCTENTIAL
1 ENSRGY=",EL7 o7 /4 2%, “ENG SHORTEHNING FOR Y=Goe I3 “9EL7.7
202Xy "L VERLGE END SHORTENING IS "+ELl7¢7)

243 FCRMAT (/74 Xy “DLTEMINANT = JBI2. 42X IXPM=",110)

785 FORMAT (//,. % “"CRITICAC LUAD FU2 NS" 182X +"1S NX="yEL2s 92X
1°P="E12.4/:2X+"VOTENTIAL SNERGY="1Ei7¢792Xs"“MUDIFIED OF POTINTI&
2 ENERGYZ",E17 o7/,2X"ENG SHORTENING FOR Y=543",E15450
I2X 9 AV <nse END SHORTENINC=*3E 1557 92X **UKIKOKIKOKOKOKOKOKOK
4OKOKCKOKOKIKOKOKOKOKOK IKOKOKOIKOKOKSKOKOKG KOKOKOK K OKOKIKOKAKOK* )

119 FORMAT (5(18+E15.5)) .

S45 FORMAT(///2%y “TOR N=",I8,CX"THE LOLD “9E12.492X+*"2S OVER ThE L1In
1IT FOINT™

S73 FORMuT (//,2Ke “XLAMOZ" L2000 +2 Xy "YLAMOZ" s 22 e 92X, "EX="y €212, 442X,

’ 1“Ev=."5120‘0,zx. "n‘-HOX=".E12 .‘" 2‘."RH0V‘=“0212 ols)

582 FORHAT‘//':X"M N=".IC,£X,"fﬂ=".£12.b.2xo"P=",C12.#.2X."THE SOLU
1I0ON I3 Gi LONVERGED"/ZX,"PROBABLY THE CRITICAL LOAD IS SMALL:R TH
2AN THESE LOoin$™*)

789 FORMuT (// Xy “F Ik =% E1le4rcXo"THE MIMIMPUN POTENT IAL ENERGY IS *“
19EL747 42X ."ANC THE CRITICAL Wave MNJIMBER IS "y18)

S6k FORMAT (/742K “DETEIINATION OF TrE CRITICAL CIRCUNFERENTIAL wWave
1 NUMEEF () /772X 0805800808438 38808038048309080483343000030800330

20.0.0‘000"/:x.“‘000‘..COOOOOQJOOOO0‘0600.0.0000‘60.l‘..lbl.o.#.#l‘
3..‘0“0’.-.0000‘") .
513 FCRMuT (//7.,2%y “T 4. RELaTICH EUTHEILI w»XIAL LUA0 AND Th: PRESSURe IS
1 ONXZU,E120 02 Xy "HULTIPLY of TrE PRE SSURE"+ELCee/2X,
2%Tnz INCOEMENT F THE PRESSURE IS",.E12.4/2K,
3°AND TME <uCUBACY (PERCENT) GF Tme FERESOGLRL IS™e€12.4)
S81 FORMAT(//4 2% "*waVs NO 37,1000 @%e"™LIRDZ"oE 15.5,2K, .
APFOTL T a. ERERGYZ™E 2747 s2Xe “SLAFSED TIVEZ2" E12¢4¢2X4*52C0D3*)
722 FGRMAT (/72X “END GF THI> CASI S9.CAUSE NuMoEr OF LO4D POINTS iS
AGREAT-R T<aN*,12)
END .
SUBROUT e NUNYD (XHXX oWW e OWW oLPy THON,IODET ¢ HRHS , MAXN AP, BP
L9CPoCP s F PRy XP sCCoMT o TL VL oPAXZ NI yNuygNF oL PRINT o WF o XWF 4FF,
2 XFF L CONV W LC 0NN, NWAVE JLPUO9IRRyINONZ, iNON3)
COMPOs/7(XLOA) /X PRE S
COMMGI/CINTS/REQPCT 4 MI(50L)
COMPCI/FCURTF /KFOUR KB yKbgK2,K2,K3
COMPMG./PPESL/ WA (0t e35) o£TMILJU93) sAMP(L00,+5)
COMMO/PFCSY /W7 (Ul eB) eWZF(L3C45) edZPF (1L Le5)
COM A Y errmESorr iU en o dF MLt ae) e " ML LG, )
COPMUNZIT AP /7Jrs o INXXER

166

390
391
392
393
394
395
396
397
394
393
L]
“id
42
<3
G w
wsS
«06
Lo?
+0ec
wi 3
410

“ld
wlé

17
L8
%19
+<d
w21
wgd
w3
“24
925
42€
027
wlo
w29
S
431
w3
433
P
©35
36
37
“w38
39
L&l




160

555

CORMCHZor, L a/vCUT (icod i o VPOT (7 9300y aMee
CIPIOAZXCHNNPP /XIv= 3 o XNF ]
DIMENSIIN wWW M(3),FFHM (o)
CIMENSION SWwM(103¢5)4SETM(LO0Cs5) oSWHP(L0uebs
OIMENSION SFMNCLUD 81y SXFM(1UJyc) SFHP(105,8)
OIMENSIU ¢ WF (2 9NWY o XWF Lo NW) oFF(2aniF) s XFF(2,nF)
DIMaNSICH AF (MAXNgMAXNY 3 3P (MAYNSMAXMN) o LPIMAXMyMAXN)
DIMZnSICON FRMAXNeMAXN) D2 (HAXMH,1) JGF{MAXH 1), XP (MAXN, 1)
DIMENSIUW Ti (MAXND) +CC (IAXN) ¢ VI (MAX2)
OIrciiSID ¢ M (MAXN)
DIPcHSIOi WSON(2043) 4 FCUN(20+98)4XCONILD)
WRITL (hel0U) INXXFX XNXX,XPRESsLPyJPSyWKy DWW
FORMAT(// 42K+ THE SOLVTLION IS SWITCH TO ZITHER RXX OR P AS UNKNOW
AN INSTIAD OF W(LP,JPS) "/ ,2X,
2"ACCCRCIns TU INXXPX PARAMETER==(SEL USERS MANUAL)I™/,.2X,
ICINAXPY=", 15, 2K, “THE INITIAL AXJiL LOADZ",212.49EX,
4"THe INITInL FRLSSURE OAC=",E1l.47,2%,
S*THE INIT.AL GIVoN DISFLACEMELT Wl MLRIDICNAL POLINT WF=",15,2X,
6" ANO FOUR,E.ﬁ TEIN+) JPS="-I’5/,2X.“IS H=“'L120~4'2X9"AND THE INCREMZ
INT CF W I3 Unm="sEi2el/s2X, "NAXENXXPNXXFN XX PNXXPNXXPNXXPRXXNPXXNFN
GNXXPNX!PN}XFNXKPNXXPNX!PNXXPNXXPNXXPNXXPNXXFNXKD“/)
CALL SECOND(TIML)
IINN=Q
1ASF=¢
OCW W= WA
IF (INXXFX,EB.4 )XNP=XNXX
IF(INXYT (L NE ) XHPZXPRES
XWP3=XN»
IFATM=L
IFC(INCN3 ,EQ.2)IFATH=C
IF (INOR.LR.2150 TO 444
LN=1
IDET=100E/
CALL POTERS (IDET, NRMS yMAXN¢iP oBF¢C2 yGPy PRyXP,CCyMT »T1 9Vl MAX2,
LIXPFOCTH, XNX Xy LN sNJ sN W NF 4 LP+OP)
CALL TRANSF OAF y XWFoFF o XFF o WoNFoZ 9 T1oMAXN 91 oL PRINT o Wil 3 X NP 44 P)
IF (INXXFX.EQ«4)XPRE 5= XNF
IFLINXXPXoNE « b IXNXXZXNP

444 ID:T=I00ET

211

212

213

214

102

IF(IASF.NE. u)GO TO 216
0C 213 I1=L,NEQPOT
00 21i Ji1=l,,K.
SﬂH(Il.J‘.’=W(IL'J1)
SeTdisJa) =ETM(IL,J2)
SHMP (Tiyda) SWHF (11 4J2)
0C 24c¢ Jiz=i.K2
SFr(ILyJ)5PM(Ta,J2)
SXFM(L1,41) =XFM(IZeJl)
SFMP LTI Jl) P (1LeJd1)
CCNT INVE
SXNFsXNP
SHWSdW= QWA
CCNRT INUE
XNNZXNP

IMAX=z;

WMAXSE,

ITeR=0

00 .i0< JasieXi

WMAXSWMAXeW 1( 1y JL)

D0 103 [1=2,NEQPOT

WMMzL,.

DO 1ie Ji=..K1

AMMEEMr oWt ({.  J 1)

IFABL (i) sl ko S(MEAX)) GC TO 103

167

133
137
138
139
146

147

151
152
153
154
155
156
157
158
159
ien




WHHMA X MM l61
IMAX=I1 162
_ 103 CONTINUE ) 163
( IF(IMAXCEQeLPAND IMAXNENEGFOT) THAX=IMAXY)
‘ JHMAX=] 166
WM (L) =WM{IMA X, 2) 166
‘ IYPLETLIPY 166
00 105 J1=2eK1 168
WHA(JL) =Wt (IMAX y J 1) . 169
. IF (A@S (AWM (JL)) «LELABS (AWHWMY) GO TD 1G5 170
! AWWN=AWA (L) 171 1
: JWMLX=JL 172
5 105 CONTLNUE 173 )
1051 UFMAx=i 17« L
FFM(L) SFEIIMAX, L) 175
AFFF=FFM (L) 176
IF(KZ.EQ.i) GO TO 333 177
, DO L0d Ji=2,K2 178
- FFM(J2)SFH(IMAX 1) 179
' IFCARBSFFM(JL) ) JLELARS (AFFM)) GO T3 106 , 180
AFFM=FFM (1) 181
JFHAY=J: 182
106 CONTINUE 183
333 LN=Z 184
ITER=1TER"L i8%
IF(ITERLLE.14) GO TO 113 1566
WRITE(6,114L)ITER 187
GO TO 463 188
114 FORNAT (/742X 4"END OF THNIS CASE(NXXF) BECAUSE ITER GREATER
1THAN ",18) i :
113 CALL FOTERSUIUETINRHS g MAXN AP 48P +CP oGPy PR X F9CUlaMT 3y T1 4V 14 MAX2, 189
LIXPM DETMy XNX Xy LN sNJ ¢ NWoNF oL P4 OF) 190
CALL TRANSF(WNF ¢ XWF o FF o XFFoNWotF 929y TigMAXN o1 o PRINT g Wind ¢ X NP oL P) 196
' IF (INXXFX,EQ.L)XPRES=XNP
: IF CINXXFXoNE « 4 VXNXX= XNP
, XCUNCTITER) =253 ((XNF=XNN) Z7XNP)
' D0 115 Ji=.4Ki 197
: IF(WM{IMAX,J.) o AEede) G TO 57 198
CWCON(ITER,JZ) =0, 193
! GO TO 415 200
i 57 CONTINUE 261
: WCONCITER)Ju) SA3S WM (IMA )y JL1) =WWM (JL)) Z/WNM(IHAXeJ2}) 202
' 115 CONTINUE 203
| WCHWCON(ITER y JWMAX) 204
\ IWH=JUMAX 235
X DO .16 J.=1l.K2 20€
] IF(FMCIMAX,JL) «MELD.) GU TO 58 207
i FCON(IT:Zm.J1) 20, 208
! GO TO 116 é0y
i 58 CCiTINUR 210
: FCONCITER, J2) B3 ((FR(IMAXoJid=FFM (J1)) /FMUENAX,J1)) 211
. © 116 CONTINYE : 212
: FCHSFCON(ITcR ,JFMAX) 213
! IFH=JFMAX 21
IF(LFRINT Nco i) 50 TO 117 215

f WRITC (69528 ITE~ WCHyFCHoWWe XNP,XC ON (ITER)
| WRITZ(A11L9) (JigWCONCITLRyJL) yUsi=LeK2)
i WRITL (595019 (JLeFCONCITLFoJL) 9eJiz14KQ)
‘ 118 FORMAT(//7 42X o ITERS® 129X " WCH=" 4215654 2Xs™FCHZ"y245e3
12X s WA=y 15 542X g WO U1505/492X¢"XCON(ITER)2"ELS.5/)
g PO 23T 0TI L 1%,5))
IAT TR (LSBT 0T oECUNIGE TO L4
IFL4CH.CT.ECONVY GO TO 194

r
»e
Y7

168




IF(FCresTe Y GO TO LG 2210
GO TO Las 223
- 194 IF(ITER.LE.u} GC TO 196 222
! IF(XCON(LIER) « ST« XCONCITER=11)GO 70 197
' IF (WCONCITER IWM) o GT o WCON(ITE R=2eIWH)) GO TO 297 223
IF(FCOM(ZTER IFM o GT.FCONCITER=1,IFH)) GO TO 137 224
GO0 TO 195 225

i 197 WRITL (G332 )LP ¢JPSeWHW XNXX ¢XFRESy XNP
WRITE(S+932) IaHy LFHy JTEKy IASF 4 LW, DOWNW
961 FORA&T(//,:X v“FOﬁ- W (‘.QId'Zx'“'..'IS..’ =",E15.5,2X9“XNXX=",
1€15e50 2y "XPRES =" ,E165, SQZXQ"XNP:“vEISQS/’
992 FORMaT(//32X o " IWH= 164 2X "IFN="e15,2X " ITERZ",15//14X,
L¥TITER 53Xy " XCCM (ITER) 43Xy “nCON(ITER,,INH) ™, 3Xy"FCON(ITENR, IFN
)Yy Xy IS F " s 154X, "DhAz*, E.‘.Z.(O.ZX 200N ELC, &/)
WRITE(6+3335) (IKyXCONCIK) yWCONCIKy IWNH) 9FCON(IK)IFH) 9IK=1,
1ITER)
993 FORMAT(IB,%E 15.5)
IASF=]4SF+1
> I DDWW=DDWW/2 o
WH=SWW
WW=Wne WA
IFLIASF.GTew)CO TO 403
DO 216 1131 .NLGFPOT
00 217 ui=1,.K.
WM(I1eJd.) 5w (I, U01)
ETMUIZ s JISSETMIIL WU
217 WMP (I s0i)20WMF (114U}
D0 21¢ Ji31.KC
FHM(Il,J0 ) =5FMI1,J2)
XFM{IL 0l )=IXFMN(ILU2)
218 FMP(IL J2)2SFMP LILyJ1)
216 CONTINUE

XNF=SANP
GO TO 44L&
! 196 XNN=XNP
T DO 1d. JizalKl 229
131 WHMLJL =AM (IMAN, I L) 230
DO 132 Ji=z14X¢ 2331
; 132 FFY(JL)=F 2 (rm AXaJl) 232 :
) G0 TO 332 233 }
é 195  IVvCuT=IJ00T «2 i
, . Cale PCTSNUFOT,PCTM,STRY,STRA 91919l ¢ XNXX) 237 !
' CALL SECOMI(T Iv) 258 i
TIM3=TIM_=Tliu
! TIML=TI~.
i WRITC Ay i) oP yJFSy HW o XNXX o XFRESyNWAVE JITER,TIMI
! WRITe (€4252)° OT4POTH,STRY STRA 26l
IF(I0=TatJe1) WRITE (€,243)IETH,IXFH 246k
f IF(LMO0MzL2) 67 TO w70 265
| CALL TRAN);(NF'(“F'FFQxFF'N“'“F'Z'TI’HAXN’Z'SQwH’XNP’LP, rLY

476 VCLT (iy IVOUT) sXNXYX
VCLT (Lo IVOUT) 3YPRCS
: VCUT {3y lVOUT) 2PCT
1 VOLT (e IVAUT) =PCTH
) VCUT (5, .VCGUT) sSTRY
VOLT (5. IVOUT) 25TRA
VOLT (7, iVOUT) 2wr (L F, L)
VOULT U3, IVOVT) sWMILP, &)
NSHRZ(NEAPI T+ L) /¢
VOLT (oy aVOUT) 2WMINSHR L)
VOUT (L IVOUTIShM (. SHA,2)
VOLT Ll T T2l Tek
VLT (e .00 NWAYE
261 FCrMaT (/740 X" HONLINEMF SOLUTICN FUR W™ idschy™ e I3"z2",
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1E150513"":“):’4.1c_n5'219"":'.113‘.505/'2"-Jn"‘l‘»"al . o4 LNE
20 BY" I8, 2X " IT RATIONS /42X "TIM: COMPUT AT ICHE" £ lleby 20" L CNDS
3%/ 42X "NNNXXX FPPNNNX XX FFPNNNX XX PPPNNNXXXEFPNHLXXYE Fe NN AX A& FHa X X NI
GPNNNXXXPPONRN XX XPPFHNNXXXPPE 7 9 cXe " NNNXXX FP PMINX XX Pre WX XA PLIIXXEN
SPPNNNXXYFPPNNNX XXPPPHNNXXX PP NNNXXX PPENNN XX XPPPHNNX XXFPP™ /)
262 FORMaT(//+3K+"FOTETIAL ENERGYS"E17.792X 4" MUUIFIED OF POTLNT IAL
LENERGY =", €272 779 Xy INC SFORTENING FOR ¥=20. 3" ,E17.7,E Ky
2"AVCERAG. _Nu SHOPTENINGE,c17.7/)
243 FORMABT(// s X “DET;HIN‘“?=“,E1‘.Q‘0' Xy EXPH=" L [10)
IINN=IINN+]
GO 70 (221,232,233),iFATH
231 IF(XNP.GT.XNPSIGO TG 234
IFATH=?
G0 70 257 .
234 IF(XNP,AT.XN?L)GO TO 237
WRITc(6,263) YN+ XNPL
261 FORMAT (/7 42Xy "END Or ThIS CASE BECAUSE XNF=",E 12,49 2X,
10N ThME rIn3T FATh I35 GREATER THAN XNP1z",®12.4/)
60 TO 4,3
232 IF(XNP.LE X NP3)GO TO 237
IFATR=)
6C TC 257
233 IF(XNP LT XRPSIGO TO ¢37
WRITE(bs282 ) XNP4XNF3
262 FCRMAT (/42 Xy "END OF TH.3 CASE BECAUSE XNF=",E12.4r2X,
1"ON THE THIRD PATH IS GREATEK THAN XKF3=",E12.4/)
GG TO 403
237 XNF3=XNP
IFCINON2.NE . 2.0Rs IINNJNL,IRR=5)GI TO 321
WRITE(224+322) IINN, XNP
322 FCR-NT(//q;X."IINN=".IE,ZX."XNP=",515.71J
WRITE(L290C 3) ((WM(I. 2oJi) o I1 =1 NEQPOT) yJ1524KY)
WRITE 209323) (LeTHUILeJin ,I1221,NENPOT) y Jiz24K2)
WRITE (1hy 323 (WM (I2eU.) 91-2L)NEWPAT )9 Ul =i¢KL)
WRITE (06430 3) (UFM(IL,J2) o I1=1,NEQAPOT) yJ1214K2)
WRITE(209323) (UXFM(La9da) ol 23igNEIPGCT ) oL 229K )
WRITZ(1ne323) ((FMPLIL4J2) sI1121,NEQPOUT ) Ul =2eK2)
323 FORMAT(SE] 6. B)
324 CONT I UL
IF(IINNJ.LEJIRRIGO TO 721
WRITS (647 cl) IINN
GO TO =03
722 FORMAT(//42¢ 4 ¢§ND OF Tr IS CASE BECAUSE THL NUM3ER OF DISPLACENE
1ENT PJITS IS CGRLmWTER THakh *,I¢)
T21 WHSWA+)r W "
IASF=¢
DOWNZ=DWwW
IF(INON.EQ.4)G0 TO 555
WM(LPyJFS)=wWHW
60 TO &k
403 CONTInUL
RETURN
ENC
SUBROUTINE IMFINF
COMMON/FOURER Z/KFOUR ¢Ko oK e KI9K24K1
COMMC./CINTG/NEQPOT M1 (30C)
COMMON/FACT 3/ 0L5 X e XH
COMMON/FIOFR/DELTAZALLYGAL AL, BT2,6A2
COMMON/PrESZ/ WwZ (iLGeS) ¢WZP(100¢5)yWZPP(200C, 5)
CCAMUN/RVKAZ XIMPS
ovsy,
PIZLe® AT ((DV)
bl o= R LM S®ua,
alczliol=X1uPo"xXH
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i1
S0

10

11

12

175

13

16

b

mizPl/xL
A2=2.4A4

XX=zC.

DO 10 I=1.NERPOT
W2(I,1)=-8C1%CO3(Ac®XX)
W2(iel)=ACZ*" IN (A2%XX)

WZP (T ,4.)SAC .*AZ*S IN(A2¥XX)
W2F(1,2)=ACC*AL3COS (hi*XX)
WZFP (Iv.)=ACiL*A2°A2* (0S (A2% XX)
W2PP (I1,2) 3= AC2¥AL*AL*SIN(AL®XX)
IF(KL.LE.2)GI TO 50

Co 11 J=3;K1

HZ(IQJ’=00

WwZP (I, ) =0,

WZPF(1+J)20,

CONTINUE

CCATInge

XX=XX+DEL A

CONTINUE

RETURN

END

SUSROUTIAL TRANSF (WF o XKRF o FF ¢XFF oW o NF oNFF JTLoMAXN,IDE R, IPRRoWW o XN 5

el P) . ‘

COMPON/PRISYL/ WM 1 05+5) sETM(L3L+5) 4 AHP(10C +5)

COMMIW/PFLS3/FA(100ac) o XFM{I0C48) yFHF(icD &)

COMMON/ZF IDFR/DZLTALAL L yGAL WAL L4BTZy GACL

COMPOW/COLSK/L2L(S2L) 9 1ci(531),125¢€501)

COMMCH/7CINTG/NEQPOT yMI(203)

COMMON/FGURIR/XFOUR, Ko sJKw s KI9sKIsKL

COMMON/NEWFT /JPSy INXXPX

DIMSHSION WF(NRFyNW) o XUF (RFy NWT oF F (NRF s NFJ o XFF ANRF yNF) T L (MAXN)

IF(IPRR.EJ.o) GO Tu 278

00 1y I1=14NEHPOT

NL=MI(I1)

CALL READMS(22+TLHLLID)

IF(I1.NE.L) GC TU 175

D0 11 Jisi,K1

WF(Ledid 2T (U2

WM(ii9Jo)2TL(JL+KE)

XWF (1,J2)3T1(J14K3=1)

ETM(IL,J21=TL(J24K3¢¥b=2)

CCNTINGE

DO 12 Ji=i.%2

FFLZe340=T1()2+K1)

FMUIL,d2) 2T (JL+K1+KE)

XFF(1,Ji) =T a(J1eKb)

XFMA{I1,32) =T (J1+KE+KE)

CONTINUE

G0 10 19

DO 12 J.=i.Ki

WM (I2,J1)=T1(y2)

ETM(IL i) ST (UL+4KTe2)

CONTINUE

D0 1e Jiz.eK

FMUI1,J2) 3T (JoeKL)

XFM(IL,Jo)=TL(JieKb)

CONTINUE

IF(I1.NC.NEQPOT) GO TO 10

00 15 J:zl.Ki

WF(2sJ11=3TL(Jas%E)

XWF (2,J1)=2T2(J1+K3¢K6=2)

C0~rl|\l!(;

DO L J-=. »S

FFICoeJL) =T L) 1eKI#KD)

171

«68
469
70

871
w72
473

76

489
«90
491
«92
“93
“9b
©95
«96
497
«w98
«99
500
501
502
563
50t
545
566
507
548
509
~10

s L S




XFF (2 dl) 2T Lyl KieKE)
16 CONTINUE
10 CONTIiMue
IFWLFJEUCOR. INXXPX.EQe2)G3 TO 276
XNS2WM(LP,JP S)
WM (LP,JP5) sWW
176 CONMNTINUE
IF(ICERNE. LY GO TO 275
NEQP=NEQPOT=-1
00 20 It=_,NEQP
D0 2. Ji=zl.%3
WHP (114J2) AL 1%WH (13- sJ1) +GALOWMIT L 2,JL)
21 CONT INUE
00 22 Ji=.,yK2
FHP(IL,Ji) SALLSFHIi=l oJ1) *+GAL®FM(I1+1,J1)
22 CONTINUE
20 CONTINUG
00 23 Ji=.,K1
WMP (1o Ji)=ALLWF(L,J2) +GAL*WM (2,.02)
WHP INEGPOT 4 J.) = L 18WH (NEQP. J2 ) +GAL®WF (2 yJ 1)
23 CONTInNUE
00 <Cu4 Ji1=.4K¢
FHP(lel)zﬂL;‘FV(lyJL) +CALOGFM(2,J1)
FMPINEGPOT y L) L2F M (NENPJL) $GALPFF (2 4J1)
24 CONTZInUE
275 IF(IPRR.NE 1) RE TURN
273 CONTIL.Ut
Ji1=0
WRITL(Esl0)U)
WRITC(645.0)
XX=C,
WRITC(EICICINF ULy L) e XWF(1,41)
00 & Iizi,NEGPOT
HRITi(GvscailimXXyHH(iivl'oﬂﬂpflivl’vETH(Iiol,
XX=XX+DELTA
48 CONTINUE
HR;T&‘5v6u0)HF(3'1)9XHF(2'l’
00 9 Ji=1,KFOUR
WRITZ (6,40C0)J1
WRITL(6+5:3)
HRITL(697J§’WF(AOJ1’1)Q’HF(IQJI’Z’QFF‘ilJi,tXFF(ZOJI’
DO 51 I.=..NEGPOT
HRIT:(bvéoa)lL.Aﬂ(li.Jz*;),HMF(IL,Jl*itpETH(Ii.Ji*l).FH(IipJL).
LFMP(ILeJ2) o XFM( 11 0.02)
51 CONTINUE
WRITE(EsToTIWF(29di4l) oXWF (29 Jl42) 9w FF(Z431) W XFF(Z24J1)
49 CONTINEE
DO 52 Ji=Ki ke
WRITe (646,000
WRET:(E.5.0)
WRITC(6020d)FF (LeJi) o XFF(Lledi)
00 52 1:=.,NEQPT
HRITE(&;?OQ)I;.?H(IlyJi).FHP(IivJL),XFH(IIoJLi
53 CONTILuue
WRITe(6y8.3)FFU2eJdi) e XKFF(2441)
52 CONTINL :

400 FORMAT (/742X “TnTERMIOIAT RESLLTS FOR KFOUR=S",T78/2X,"*eses00s03008
1‘.0.00.0000.00.0CCOOQCO.Q.l..“)

500 FORHLr(//.Zx.“Polhr“.ux.“LENGIH“'inx."u",1qx."wP".13x.“uPF“,
11 2y F 1K s FP " 13X s “FPP /X , 4088600008830 s000000000008880880000
ZO'OCQOO‘COO.‘00#0000004'00‘.0l000¢O'C‘QOOQOOQ.OOQC..00.00'00..0.00
Jo8s0sss0)

509 FORFIT ({B.Eiios.35E1C.¢6)

600 FORMuT(//_.LH FICTIVE FQINT £15:2¢15X9215.6//)

511
512
513

514
515
516
517
518
519
520
521
522

536
537
536
539
540
Sei
542
543
Skt

557
550
559
560
Sol
562
563
566

5?3




609 FORMLT (I s i 1en L %un) 571
700 FORMAT(//72dr FICTIVL PQIMT EL3a4by 15X, 5 18aby P 9 oy 572
800 FORMAT (//05n € ICTIVE POLNT - 573
1 ZiCetyiCXWFL1C.6/77) S7ThL
703 FORPATIT3457X 431 546) 57%
RE T Ui 576
END 5?7
SUBRUGUTINI FOTSN(POT PCTMySTRY¢STRA,IF,ISY, ISAgXNXX) 1263
c POT - FITENTLAL ENERGY 1266
c STRY =~ UNIT END SHORTZINING FOR Y20, 1265
c STRA = aVIiR&AGe OUNIT ehND SHORTENING 1266
c IP=1 FOR CALCULATe POT 1267
C Isv=1 FCR C~LCULATE STRY 1268
c ISA=ZL FOR C-Lollaiz STRa : 1269
COMMIN/FUL2IN /KFUUR KD oKLy K39 K2 9KL 127¢
COMMON/Z3CUNG/L31, L5N 7
COMMONZGECM/RReDDyHL1L s Hi29HER v 1L, A1 24022 403840124022 1271
COMMI I /PRESAZWM(L0U5) ETM(L3C o5, WHP(LuC45) 1272
COMMON/PRES2/ WZ (0G0 95) yWZF(LCL45) yWZPP(4ul,S) 1273
COMMON/PRES3/rM{z0040) o XFMILC . 95) yFMP(LLE 46) 1274
COﬂHUN/FL;TOR/CLvCZ.C3vC#vCEvCévC7yC8009v010v011’C12 1275
COMMON/FALTC/OLL 0Ly OL3 2yl uy CALLDAZ,0A300aUyD3 933390349 XNIEXXP 1276
COMMON/FAITIZOL S XL o XH 1277
COMMON/CINTO/NERPCT,MI (340 1273
COMMO4/FIUFR/GELTA,ALLGAZ AL 29BT2,4GA2 1275
COMMOIL/XXLOAS /XFRE S 1280
COMMOL/SHELNN /VCUT (32,4300, VPQT(7,139) 4 IVOLUT
CIMENSION PE (7)4PEE(T)
CEi1=Cclirsc. 1281
CE2=C3%+2/2, 1282
CE3zCI/((Lo~XNI)*EXXP) 1283
CE«=C3%0D~ (.. =XNI) 1204
PAT =0, 1285
CO €33 INA=1,7

553 FEE(INJ) =C .
STRY=2, 1286
STRA=G . 1282
00 10 I1=1,NEQPOT 1238
E7=L. 1289
IF(I1.Eden s UR.IZ.EQ.NEGPOTIE7 =045 1290
E1=-0i1*ETM(I1,1) =20 /RR®WM (11,2} +DA2*KNXX 1291
E2=3. 129¢
DO L1 Ji=_leKFOUR 1293
JS=J1%*e. 129«
E22JSPWA([1yJie ) ¥ (WM (119 J141)#Ce®MZ(I1yJdiv1))+22 1295
11 CONTINGE 1296
15 1+CE1*E2 1297
IF(IP.Ng..) GO TO 140 1298

PL(1)=CB2/D1i%*2% 1%,

Pe(3)=0LL*ETM(TL,0) 0%

PIlu) == XNXX*WMP (Il )¢ (WMP(Z141) ¢2.*AZF {i1y2)) +DAS*2,3ETM I
1 I241) 9ANXX

Pi(5)==«2.*XPFES*WM(I1,1)

PE(7)=0B2/0122%2%0.L,c %A% XN XXOXNXX

Pt(é):uo
100 EL=E1%DAZ/01. +LAISETM (IL,1) 1502
IFCISY.NE.2) LU TO 1.0 1323
PSY=E.L 1304
110 IF(ISAeNZs1) GO TC 220 1305
PSAZEL=dMP (i )P (WP (11,2042 .%W2P(13,2)) 72, 1306
120 IF(ISY.NELL) G- TO 130 1307
£1=0. 1306
DG .o J.-1.r. 1309
N0 Lo Jlsieka 1318
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R RIS ASFIERPE T2 O I I3 I BE JVF LN G & RURVIN I R 1311
18 CONTINYCZ 1312
PSY=F53Y=£1/2, 1313
E1=0. : - : 1314
£2=20. . 131¢
DO 12 J1=.,KFOUR 1316
JS=JLee 1317
EL=ETM(IZ,J1+v1)+EL 1316
€2=Ec+JS*wWM(IL,J1+1) 1319
12 CONTIHUE 1320
PSY=PSY+DA3YE 1= DA4*CI%E2 1322
E1=0. 1322
E2=0. 1323
00 13 Ji=14K2 1324
JS=Ji%e2 1325
E1sSEaeXxPM(L Ly JL) 1326
E2=E2+J3*FM(L14J1) 1327
13 CONTINUE 1322
‘ PSY=P3Y+OAC*E i=-DAL%CI*EL 1329
' STRY=SSTRY+PSYSE7 1330
130 IF(ISANE.L1) GO TC 140 1332
£1=9. ) 1332
00 14 J131,KFOUR 1333
1% E1=T1+WME(IL, J2PA) O (AMF(IL1,J1¢1)¢2,%0ZP (12,51¢4)) 133e
PSA=P3A-EL/4. 1335
STRA=STRL+FSA®E? 1336
140 IF(IF.NE.L) GO TO 1D 1337
E1=0. 133¢€
E2=0. 1339
€3=0. 1340
E4=3., : 1341
€5=0. : 1342
D0 15 JizL,KFOUR . 1363
JS3Jy1*e?2 13644
JS2=J5%42 13645
ELZEL+WHP (I, JL+L)®(WMF (18, Ji+2)¢Ce"WZP(120J1¢1)) 1346
E22E2+US2%WM( 11 ,Jiv1) %2 1347
E3=E3+JS*HMP( 11,4J;+41)%%2 13468
EGSEL+ETM(I4,J1+2)%e 1349
ESZES+JS*WM(I1yJ2+0)*ETM(IL,J101) 1350
15 CONTINUE 1351
O PEAS)IZFE(D) +CE2%OLSPEC+CTUPEI¢DLL2EL/2.-CHO°DL2"ES
PE (W) =FE (L) =XNXX*EL/2.
Ei=C. 1353
E2=C. 1354
€3=C., - 1355
Eb=0. 1356
00 16 Jiz1,Ké 1357
JS=zJyise? i35@
JS2=J5®e2 135¢
C12US29FM (T 1, J11%%2422 1360
E23E2+J3% MPli1sJd1)%82 1361
E3=E3eXFr(I1eJ1)%02 1362
EusELeJSPFM (119 J1)2XFM(IL.J1) 1303
16 CONTINU 1364

PE(2)=CE2*DAL%EL1+CEI®E:+DB2%ED/Q4 ~DL2*CI%EY
00 f43 INA=1.7
143 PEE(INA)ZPEECINA) +PE(INL)®E T
10 CONTINUE 1367
IF(IPJNE.1) GO TC 150 ’ 1366
D0 iw& INA=l,.?7 .
bl PECIINA)ZPEE(INA)®3,1LL59*KkR*0ELTA
PEEIDI==022% 5034153%RA®XL > ANXXSXNXX
POT=PEE (. ) s cE (c)+PEE (3) +PEL (&) +FEE(S) +FLE B}
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vulHerd. v ro. (Li~¥e (7))

PECS=).

IFILSLaoT s akiDeSiehe 9GO TO 253

PECS==0L3%6.283L85%RR* XX X*WMP (L4 1)
253 IFULENGST o6 o ANDWLSHoNCaS)GD TO 254

PIESSPLESACLI*64C8ILLORROXNXX*WMP (NEUPCT »2)
256 Pk (2)=sPCE(S) ¢PL ES

POT=FOT*PELE S

PCTM=POTMePECS

00 145 INA=1,.7
165 VPCT (INAIVCUT) =PEx (INA)

150 IF(ISY.NE.1) GO TC 102 1379
STRYSUALSXNXX =STRY/XL®DELTA 1371
160 IF(ISACIE.L) GO TC 179 1372
STRAZDAL*XNXX =STRA/XL.*ELTA 1373
170 CONTINUE 1374
RE TURN 31375
END 1376
SUSROUTIN: ASCOUIEQeML yCF y3F 4 AF ,GF y NRHS » XAX X o LN o NJ s NH o NF o LP,OF ) 578
COMMON/CINTG/NEQPOT, ML (53C) 579
COMMON/BO0UND/ LS1sLSN 581
COMMON/FIDFR/IZTAWAL L 9hALyAL 29 3T, GA2 581
COMMON/NE 4PT/ JP S, TNXXP X

COMMON/PRESZ/mA(2054+5) JETH(30Cy5) »dMP{L10C45)
COMMON/FOURIR/XKFOUR 9K 5 oKL oK 34%2,K¢ 582
DIMSNSION AF (ML M1) o 3F (ML, M1) oCF(MYL oM1) ,GF (ML yNRHS) OF (M1 41) 583
€  NEQPOT=NPIINT (ExC.UDINLG FICTIVLS FOINTS) 58«
CLS1 ~KInC OF SUUNCARY CONUITIONS OF POIMT 1 585
C LSN «KIND UF ROUNDARY CONDITIONS OF POINT NP 566
c NW = MAXZAUM Kel FOR DIMINSION AWMINJGNH) 567
C NF = MaXIMUM 28K FCR CIMENSION FpM (NJ,NF) 566
IF(IEQ.GT.2) GO TO 16 583
CAL. RSTG(BF,CFoAFsGF 3 L9 XNXXy sl oJy NWyNFy LNysNRHS,y LP4DF) 593
00 2 I1=4,K6 591
GF (I1+XK6 ,NRHS 15GF (I1,NRHS) 592

OF (I1+¢K6, 1) =OF(I141)
D0 2 J1=1,K6 o 593
BF(IL14K6,J1)=AL2*BF(I1,J1) ¢ALL*CF(IL,4J1) . 594
BF(IL+KBE4J1¢K6) SBTZ48F (12,J1) +AF(I1,J1) 595
BF(I1eJivKB)ZGAC*BF(TL4J1)+GALSCFIIL,J1) 596
2 CONTINUE 597
CALL BOUNORU(AFGCFoGF oLl yXNXX oL S1 oMLy NJoNWyNF L NyNRHS 4OF) 598
DO 3 [1=1,K6 599
DO 3 J1=1,K6 6UQ
BF(ILyJ2)=ALL®AF (IL,J2) 601
AF(I1+K54J1)=BF (114J1+KE) 602
BF (I1,JLl+K5)=CF (11,J1) 603
AF (IS 9J1)2GA1%AF(I2ed2) 60«
3 CONTINUE 605
RETURN 606
10 IF(IEQ.GT.2) GO TO 20 607
CALL RSTG(AF, CFybBFoGF o 29 XNXX oML oNJ o NWoNF o LN NRHS 9 LPoDF) 608
00 « I1=1,Ko 609
DO & J1=1,X6 610
BF(ILeUL)=BF(11,J1)+BT2%AF (11,J41) 611
CFULLeJ1+KS)ITAL2%AF (I L 4J1) +5L1%CFLTIL,UL) 61c¢
AF (I184J1)=GA2%AF(13+J1)+GALOCFIIL,IL) 613
CF(ILtsd1)=cC., 614
& CONTINUE 615
RETURN 616
20 IF(IEG.GE.NEQFOT- L) GO TO 30 617
JP2IEQ 619
CALL erb(ufoci vﬂ':’GF'JP'XNXX'HIQNJ'NHONF'LNQ“RN.’)"L9.(:!" 619
00 § {i:isko 620
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53
51

S4
52
55
30

0

r
C N

U0 s 11 trr
BF (I1,J1)30F(114J1)¢BT2®*AF(I1,441)
TEMP=GA2®AF (11, J1)+GALOCF(L1s4L) .
CF(ILyJilsALl%AF(ILsJLI*ALLOCF(IL,U2)
AF(IL,J2)=TLNF
CONTINUE
IF(LFetDede CRAINXXPX Qo1 IRCTURN
IFUIEQe LT oL PieCRaIeCaGToLP+L)KETURN
WANSHM (LP yJFS)
IFEIENeNE o P=1)GO TO 51
DO 52 [13.,K6
GFCILyNRH3) SCFIILyNRHS)I=AF(IL 4JPS)*HnNW
AF(IL14UP)=0F (I1,1)
RETURN
IF(IEQ.NELFIGO TO 52
DO S4 I1=1.K6
GF(I4{s NRHS) SGF{ILsNRHS)=BF(I1,JP5)*WHN
BF(IL1,JPSI=OF (I1,1)
RETURN
00 5¢ Ii=i,K6
GF(I1yNRN3) SCFIILWNRRS)=CF (i1 4JPS3S)*HWNW
CF‘II"S'=DF (I1,1)
RETURN
IF(IEQ.ENQ.NEUFOT) GO TO &I
JPSIEQ
CALL RSTG(AFyCFoBF oGF ¢ JP o XNXX gMLIgNJ ¢NWoNF LNsNRHSLP,OF)
DO 6 I1=1,Xb
DO & J1=1,K6
BF(I1+Ji)=8F(13,J1)¢8T2*LF(I1,41)
TEMPSGA2®AF (1 1eJdL) ¢GLLPCF (1LsJY)
CFUI1,J1):AL2%AF(T2,J10¢ALL CF(IL1,J1)
AF(I1,32):=TEMP
AF(I1yJL¢xKB)=U,
CONTINUE
RETLRN
JP=1cd
CALL RSTG(AF)CF ¢3F oGF g JP o XNXX gMLoaNJ o Ny NF oL Ny NRRS oL P4 OF )
D0 7 I1=3,K6
GF (I1+K6 JHKHS 1=GF (I2:9 NRHS)
OF (I1+XK0e1)30F (11,41)
00 7 Ji1=1,Kb
BF(IL,JL)=BF(I1,J1)+BT2%uF(I1,J1)
BF(T1,J1¢XKbI=GCA2®AF(IL yJL)eCGALSCFIIL,,UL)
BFUILeKE 4 JLIZLL2®AF (T o JA)*LLLI?CF(I1yJ1)
CONTINUZ *
CALL BOUNDRICFoAF gOF ¢ JF oy XNXXg LSNyML s NJoNH JNF LNy NRHSyDF )
00 3 Ii1=.,Kb
TEMPSGF(Ioy NRHS)
TEMPP2ZDF(I1,1)
GF(ILyNRHS) SGF(I1+X69yNRHS)
GF (IL+K6 4 NRHS )= TEMP
DF(I1,1)30F (T2¢KbBoa)
OF (I11+K6,41) STEMEP
00 8 J1=1,Xb
BF (L11+X6,JioKE)sGAL*CF (I1,J1)
CF(I1+K6yJ1)2AL *CFIIL4J1)
CF(IL,J1)=BF(I1+K6,JIL)
BF (I1e¢KbeJi)=AF (I1,J1)
CONT INUE
RETURN
END
FUNCTION ACB(Iodel 939 JPeNZoNIJNGoLLY
NG=1 FOR BUF,Ied) OR B(IPyI=Y)
232 FOR o (P 4J)
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OIMENSIIN DE (41,1}

c LL=t FUR 4 L. =2 FOR F 665
COMMON/F CUR IR /KFOUR KB oKts g K39 K2 oK1 666
DIMENSLION 3(N2yi3) 667
IF(L.GT.3) GO TO 10 666
I1=1¢4 669
I2=11 670
G0 TO 20 [} #1
10 I1=IA8S(I-J) 672
I12=11 673
20 IF(NG.EQ..) GO TO 120 674
I2=y 675
G0 TO 1404 676
120 IF(I1.LE.KFQUR) GO TO 4100 er7
; ALA=C. 678
i RE TULRN 679
: . 100 IF(L.LE.S) GO TO 119 68¢C
ETa=1. 681
: IF(I.€Q.J) ETA=0. 682
: 110 GO TO(2.,32+13,4441591€),L 683
11 Ri=Iiee? bdY
T ‘ GO TO 17 665
12 R1izJs*? 686
GO T0 17 687
13 R1=2.411%y 668
GO0 TO 1i7 689
36 R1=(2.~ETA)*] 19382 690
ﬁv 60 TO 17 691
‘ 15 Riz(l.=ETAYB 82 692
GO TO 17 633
16 IF(I=JelTod) _TAS=3. 694
Riz=g.%cTAS oI 695
17 IF(LL.EN.1) 12312418 696
AL3zZRL*B(JP,12) 697
RE TURN 698
END 699
, SUBROUTINE RSTG (P oSsToGyJFe XNXX oMLy NJogNWy NF yLN,NRHS 4L P, 0E) 700
' C LN=1 FCR LINLAR LN=2 FCP NCNLINEAR 701
' c N MAXIMUM POINTS IN MERICIONAL DIRECTION 702
. C NwW MAXIH4UM KFOUR+1 NF=  MAXIMUM 2.*KFCUR 703
C  XNXX AXIA. COMPRESSION LOAD JP= THL POINT 1IN MERIOIONAL OIRECT 794
' COMMON/FOULRIR /<FOUR KB 4Kl K JgK2 9K 1 705
! T COMMON/GEIMN/RR D0 MLy HIEyHE20+Q21,2124022,011,0124022 706
5 COMMON/FACTCR/C1+C24C34C44C59L6+C79C84C9,C10,C22,C122 707
, COMMON/FalT2/0L1s0LEvCL3+sCLLUyDALo0A2,08300A%9 08240834084y XNIJEXXP 888
COMMON/PFESL/ wM{l0U o5) o6 THCL0L 9S) 9 WMP (LG 45) 708
| COMMCN/PRES ¢/ W2 (30us5) oWZF(10095) 9AZPP(1560,5) 709
COMPON/PRES3/FM(L00 46) oXFM(Lu98) o FNP (100 ,8) 710
t COMPCL/XXLOAD /X FRES 711
| COMMON/NEWPT 7JFS o INXXFX _
' DIMINSION R(ML1oMi) oS UMILH1) 3T (M19ML) 9yG(MLINRNS) 712
[ c INXXPX=2 FO<« KX X AND P A3 KNOWNS
C  INXXPxX=l FO< MXX AS UNKANCWIs TEZ INITIAL S0LUTION IS NXX=3,.
. C  INXXPXSZ 3546 A 2 3UT THE INITIAL SOLUTION IS A GIVEis NXX
: c INXXPX=6 FO~ P A3 UNKNOWN
! c K626¥KFIUH+2 713
c KoBGu®KFOURS? Ti6
! C  K3s3¢KFOUKS2 715
| C  K232%KFOUR 716
i C KisKFOUR+L 717
C CO9=(NAN/RR)*s; 718
c Ci1=C0*HiL 719
c C232.%0(0*H. 2% 9 720
) c S E PP O 72t




OO0OO0O0O0

Ch=00*r2.*CH** ¢
€C5=Q14731.%CY
Co3L./(Rr*D12)%CH
C7?=C3**2/(c.*N1))
Ce=Q2:29C 32
C10=Cs/2.
Ci11=2,.,+C3+012
Ci12=n2e%C %%
RCORL1=D42/7(RR*0( 1)
RCOK2=C9%0322/011
D0 1 It1s1,K6
GUIL,NRHS) 3G,
DE(IL1,1)=ue
DO 1 Ji1=1.Kb
R(Iiyul)=u,
S(I1,00) 32,
T(Ii,J1) =,
CONT Iz
Ji=0
D0 2 I1=K3,%b
T(Ii,Itr=1,
JizJiel
R‘II'JI’ =1,
CONTINUE

4
C EQUILIEBRIUM BEQUETION FGR Is(

71

72

73

76

75

RUL,K3)=00%H11+Q11%*2/7021
TCLeK31=2.2Q217 (RR*0L:)
Tlis1)31.7(RR* _*0D11)
GC TCUTL972¢754706) ¢ iNXXFX
TlioK3)=T (L oK 2) e XHXX
GULeNRHS) == XNXX®WZPP(JF, L)+ XPRES*RCORL® XN XX
60 7¢C 75
DE(L 42 )=WZPP(JPy1)=RCIRS
G 1y Aer3) X PRLS
IF(LN.eQe2) GO TO 75
DE(L1,0)308( Lo L) SETHM(JP, 1)
G (1, NRHS) =G (1 JNRHS) + ANXXSETM (JPy L)
TOLyK3)=T (L KIVSXNXX
GC TC 75
TOLoX3)=T (1 oK 3)+XNXDY
D2€ay2)=WZPP(UP,1) =rRCORY
G {19 NRHS) =X PRES
IF(LN.EGL.2)GY TC 75
DEC(Ly1)=0ECie L) +BTM (JP,y 1)
GULyNRHSI =G (LyNRRS) # XNXX®*ETM(JIPs L)
GO TC 75
TCLaK3)=T (L K IDEXNXX
G(1yNRHL) == XNXX*WZFP(JP+1)+FCORL® XNXX
DE(Lsl)==1, _
D0 6 J=i,FQR
IS3Jyse
LENESY
TCLoK34J) =T (1 K 34J)mCE/2e2IS*HZ(UPM)
S(L19J23)3SUlyJei)=C58 [SWZPIF, M)
TULoJt1) 3T (19Jeri)ei5/24%(CSONZPP(IP ¢MI*CHEOAZ(JPM))
TALaKL4J) 2T (L yKweJ)+CL04ISOHZ (JPGM)
TOLoKL4I)=T (1 oK1+ J)2CLCrI5%W2FI(JPy M)
SI1sK14J)=S(1 oKX 14J)¢2,°CLOSISOHIP(IP 4y M)
IF(LNGEQe2. ORJINXXPX et R.2)G0 TO &
IF(IF.NELP ORJJFSNEJMIGO TO 9
TULyK3+¢J) 2T (L 4K 34U) *C3/2.%1S%uN(JP M)
TULoJel )3T 10042 =13/2%CESWMIIPY M)
TeloKuo 1) 3T (L ok 4eJ)eCLO®IS*NMIIP, 1)
GLLINRMS) 20 (LeilRHS) «aCOH/ L. *ISPWH(JP M) 802
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739
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743
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746

769
750
754
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94 IF(LN-&JQL' i TS o
T(l.KS'J)=T(1oKJOJ)~C5/2.‘IS'ﬂ1(JF'H)'CZO‘IS'FH(JPcJ,
TULWIe D) ST (Lo Jel) =S/ (CSPCTMIIP 1 M) +CH WH (UF 4 M) )

1 *CLUCIS*XFMIJP W)
S(L.J01l=5(1,J*.)-CS'ZS‘RHP(JP.P)*Z.'CLB‘IS‘FHP(JP.J)
TAL W KGI)ST (L o Kar IV 4CL0PISO MM (IR M)

TULaKL I 3T (LKt d)+CLE*IS*ETMIP, M)

SULIKL4JI=SHL JK10J) 2 2CL0 P IS*HIP(UP,N)

GULyNRHS) =G (L yNRRS)=CE/2e2T1S% (WP IJP JM) BETM(JF (M) +WMP (JP , M1 882)
x-Cblu.'IS'(WH(JP.n)“2)¢C;G'I$‘(HH(JP.H)'XFH(JP.J’OETH(JP,H)'
CFM{UPsJ) +2 . 8WMP (UP M) S FMP (UB, ) )

6 CONTINUE

EQUILIGSIIPM vt QJGATIONS FuUR 121929999999 XKFOUR
DO 3 I1=2,K1 ’

I=I1-1

ISz es?

IS2=[S%e?2

TUIZs1)==CH*] 2% 42 (JP, 1)

TOIL,KI)==C5% . 53%WZ2(JP,I1)

T(ILeId)=CHdI32

TCIL4I1¢K. w;) celB?IS2

T(IL1,11¢K2Z=-12) ==C2*]S

T(I1,li+Ky=2) sC3+IS=1,/RR

R(I1,I1+K3=3)=C1

R(I1yI2+4Kt=1) ==Q2Y

EL1=C7215%AZ (UF, 12)

GO TC (76477:78476), INXXPX

76 TUILsI2+K3I=2) 3T (I1s11¢K3=1) +XNXX
G(IL’NRHS)=-KNKK'HZFF(JF.11)¢nCOR£°IS'XNXX'HZ(JF.I1)

TCILyI2) =T (I1,11)4RCORZ*IS~XNXX

60 TC B34

r ¢4 De(Iiva)SWZPP(JUP,I.) +RCORZ®*IS®WZ (JP,I1)
IF(LN:SQR.L) GO TO 8§31
DE(I1,2)=0BE {12, L)+ETMIJF, 12) ¢ACOR2*I3SWN(JP,IL)
GUILNRHS)=G(I1 ,NRHS) +XNXXPETM(IP 4T11) +RCOR2PISOWN (UP, 11 ) *XNXX
TAIa I 2+K= 1) =2T(TayIavK3=1) « XMXX
TAIL,I2)=T(IL471)+RCOR2*IS* XNXX
GC TC 831

78 TUIZ I1+Ki=2) a7 (T2, I14¢K3=1) ¢+XNXX
DECIL42)ZWZFP (UP,IL) 4RCCR Z3*AZ2(JPV1 1)
TUILyZ)ST(IL,I2)#RCOR24IS® XNXX
IF(LNeEN2) GO TO 821
G(IL,NRHS)=G(IL'NRNS)'XNNX‘ETH(J’.I1)+RCOR2‘IS'XNXX'HH(JP.I£)
0&(11,:)=UE(Ii'i)fETH(JF'I;)*ICORZ'IS'HH(JPolzb

831 CONT I:U-
IE(UNGE oo ORCINXXPX JEQe1)GO TO T4
IF(JP.NL.L?.OQ.J'S.NE.I;)GO Tu 104
TUILe2) 3T (L 1,2)~CO>IS*WN(JF,1I2)
r(IL,Ks'=T(IL.K!)-CBOIS‘HH(JP.II)
E1CT4IS% WM(JIP L IL) +WZ (UPLIL))
E2=C7/c.%15
E33£2%WH (JP oI 1)
106 IF(LN.EQ.L) GG TOU 60

TUILe2 02T (I442)=COSIS*WH(JP,I1)

TUILeKD) =T (12 o K3)=C5® IS*at1(JP, I 1)

T(IL.Ii)=TLI;.Ii)-IS‘(Cs‘ETH(JPcI)0C6‘HH(JP.1l)
EL2C78I53% (AaM(JIP 11 W2 (UP,I4))

Eé=C772.%.3
E3=E2%Wn (U9, 1)
GUILINRASI=G( i1 JNRHSI =CSBISOAETM(JP, 1)®WM(JIP 4 11)

1 ~CE€21S*WA(JP,1)*Wil(JIP,L1)

60 DO 4 J=i,kFCUR
JS3uee?

LEISTA
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762
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764
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766
767
768
769
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772
773
74
75
776
177
778
779
780
781
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786
787
788
789
790
794
792
793
796
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TUOILadt2)=T(l10JrL)¢ELOIS®A2(UPN)
IF(LN.!O.;.AuC INIX?!.ECoL)GO T0 b
IFAUNEQ. e ENIJIPGNE (LFIGE TO @
IF(LNeEQe oo UNIeJPSeNESNMIGC TO &
TUILeJ¢l)zT UL 10 Jel)+BLOUSOWUN(JIP M)
TAILoI V=T (IL 14) ¢E2%US*HN(IPMIS(WNM{IP M2 %HZ (JP,M))
GUILyNRMS) SG(IL o NRHS) +EL/C2ISORM(IP M) @S 24ESS SO NN (JPy o)
LR WM (P M) ¢2. SHZ(UP M) )
& CONTINLE
D0 S J=1,x2
TCILoKG+ ) ST(IL o Kavd) ¢+CLGPLAL(T U0l o WZ g JFoaNJNW101) +
LALB (I o JdsdsrAZe JPINJINN 4 1,1))
TUI1eK10)STOZL ) KL1eI) ¢CLC2 AL 0o 2o WZPP ,UPsNJeNHs Ly 1) ¢
1 AL3 (I sJ oS yWZPPJPNJRW 142D}
SUI1yK1+J)=S(I19XKoeJ)¢Ci0® (ALBUIsJs3aNZPoJP oNUNW,1,1)¢
1 ALB(JeJs6 s WZPyJPyNJsNWyi 1))
IF(LN.cQ-Z-OR.INXXPX.EQ.1)GO TO 10,
IF(JP.NE.LPIGC TO 207
5 . IF(JFS.NE.I+J)+1)G0O TO 108
TUI1 o KY+Jd)ZTEIi 3 KGe)eCLUOAL3 (T sl gy WMyJIP s NJyNNo1,1)
' 1GC8 IF(JF3.NELA3S(I=N)+0)Gs TO 1497 .
TOIioKQeU) = T(IL oy KavS)eCLOYALB I oodeontsy P eNJoNHsLp1)
107 IFWLN.EQ.L) GO TO 5 =
TUILoKG+ ) STIL o Ka4Jd)+CL0P (ALD (L eI e 2o WMo JFyNIoNW 1y 1) ¢
' 1 ALS (I ds @y At JP NI NH gL i))

TUIL K+ STCIL K1) +CIC (AL (Tgdy 24ETMyUP o NJeNH & oL+
1 ALBU(IvJe3sETM JP I NIsNWs1,2))
SEIZKI+II =S I1sR1+I) +Cat® (ALB(Lyd 3o WNPyUP slUsNHy L l) ¢
1 AL3(I4Jen s WIFaJP NJoNW,y1,1))
GUIL NRHS) =G 1L o NRMS) +CLU® (AL AT 9 d oL oMMy JP yNJsNWs 141D ¢
1 ALl sdo oW gUP NI NW Ly L) )2XENIUR 3 U)+ (AL3 (1 9J92sETMeJPy NJ9NH,
21, 1) *LLB (14 Jy SQETNQJP' NIy NW ol 41 )I®FM(JPJ)+ (MlB(IoJ,a.HHP.JP'NJ.
3 NW yie 1) ¢ALBUI oIy BINMPIP I NJeiiW 914 L) ISFMF (JPeJ))
IJdi:zi+d
i IF(IJL.GCT.XFOURY CO TG 3
! TULLoI itl) 3T (IL0 T2+l )¢CL0%(AL3(IvJrloXFNyJFeNSsNF4242))
! T‘II’KS’IJZ TT(I14K3+1Ji)+CLI-ALE(] ode 2 oF My JP,m,NF'ZQZ,
' SUIZ IJ1+i)13S{I301J1+1)2C 0% B IysJe39FMPJPyNJsNF,o242)
80 IJ2=I4aS(i=J}
cIFCLJ2 5T« KFGURY 60 TO 5
: TUILaIdC+L)T (26T J2+4)4C 0% B8 (ToIotesXFHyJF NJINF 2,2}
! TOILoK3+TIU2)=T (i1 sK3eI1U2)+CLL*ALB (T 995 9FNeJPotIJeNF 4242)
' SUI14Id2+)=5(T119IJC*1)9eCL0%%LS(I¢Js64FMPoJFeNJyNF2,2)
5 CONTIMUE
| 3 CONTINUE
i [ COMPATIBILITY EAUATIONS FOR I=14Ceenre92KFCUR
l EL1=Ciuvzee
! I2=Ki+l
]

I3=12+¢K2=-,
00 7 I14232,13
SIS LS
ISs19s2
{ RUILyI1+Ku=Ki3=011
: TlIigilsKe=Ki)s=1S0CoL
i TlILl,i1)=]5%.%C12
IF(I.GT.KFOURY GO TO &2
‘ R(IZ1411+kK3=Ki)=243
TUL.olieK3aKi)=elS8 o410, /AR
f T(Ilsl~koeo) =I30828C¢
82 00 3 Ji-.4Ki
J3Jliey
TOLoLodiewde i sT UL 20J14KI=2)aCo0® (A 3y dsQaWZ o 'PeNS NWy )¢
LALS (Lo dsGy 47y JPINJ G NWe 2} )
TULagJi 3T (Il 0 ) =Clu® (MBI JeoWIPP JPII Ny i ) e
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OOIIOOOOOO0O0

111
112

109

83

1 As_litz'-Jc:)v‘J.’»L:-JFQNJ,I\H’ ly 1))
S(IX'J1'=5(I; WJ L) =CLCe (..L:S(I'Jy3vHZP'JP,NJ.hh.L;M«
1 ALd(I'J'G’w];l.'P'NJ'Nh'l'l’),
IF(UN.CReca URVINXXPX EQLIGO0 TO (09
IF(JUP.NE.LP)GO TO 109
IF(IPSNELI +J«1)G0 TC L1213
TAILp Il 4KB= ) 3T (Ll g JarKImt) =L B (2yJyloWM s Py NIoNNg 1,y 1)
IF(JPSNE .. ABRSII=-J)+1IGO TO 142
TOIL9J1eK3=1) ST (I24JieK3=1)=Ei®ALG(Iodobohtig P (NJoNHy1s 1)
I1J3=I+J
IF(IJ53.6T.XKFOURIGO TC 113
IF(UPS NZ.U+YG0 TO 113
TOIL K+ TUIITTUI L KBTIV EI* QB (T 9Js 20 WMy JPsNJINH, 2, 1)
IJ3=TaA8S5(I-4)}
IF(IJ5.GTKFOULRIGO TC 1G9
IF(JPSNE.J*LIGC TO 109
TUILWKI*+TUII=TUILWKI4IJZISEL¥ALB (I 9J959 W UPyNJsNNgly L)
IF (LN.EQ..) 60 70 8
TUI1,314K3=2) =T (110J34K3=1)=E12(ALB (1, 9L JWMeIP I NJoNH 1 y3)*
1 ALB(I9JsQ oW, P, NJyNW,242))
TCILoaJ1) ST (12 o J ) =E v (AdB (I sJy2 ETMyJFyNJNHelel)+
1 ALB(13J3S»ETMeJP NIy ¥IW, 1,2))
SUILy I 2SI o J=Es®ALB (I «Js3 ) NOP,IP,NJsNWylol)+
1 ALB(I,J46,WAPJPNU,NKy2,1))
GUIL/NRHS)=GU I NRHS) ~Eo* (AL (isJsisWMyJFyNJeNH 142D
L+ALS (1 vJe& e alMs 3y NJy
2NH11'L”‘ETA1(JP'JI)*(“-\‘\s(I'JvZ'ETHQJP'NJ'N“'lyi) *ALB(I.JQS,E'H,
JUPINJINAy Lg ) 18NN P 4 J i)+ (ALB (L 4Js3 sWMPoUF NIyNW,4 19 3)¢ALB(I0Jr6y
WHAMP o UP sNJMNny 1, 2))8WMF (UFyJ1))
IJ1=1+y
IFCIJLWGTLXKFOULRY €GO TO 83
TOILeiJdl 4.7 (LoeTUlel)=EL® (ALB(IvJolsETH IR NIsNNyZ,1))
TUI1oMI¢I02)=T(I2KI+1U1)=E1> (ALBII 4Us2 WMy JFoNIJgNW,241))
SUILsidl+l) =S (I §eIJLeL)=EL1%ALB(I Iy I¢yWHPyIP sivJeNWy241)
14231438 (1-J)
IF(IJ2«GT.XFOURY GO TO 3
T(IquJz*;)=T(:1'IJ20;)-El‘ALE(I,Jo4,ETH'JP.NJ.NHval'
T(II'KZ*IJZ)=T(ILqKS’ZJé,'Ei'AL3(IvJ059HHQJFv"JvNH’Z’;)
SUI1,1J2+.)35 (1L, 1S2+2)=EL%ALB(T4Jy54WHPyJF NJyNW,241)
CONTIHUE

7 CONTINUE

RETLRN

END

SUBRQUTIN. ECUNDRI(BS, BT,BG. Ih o XRXX g LSoM 1o NJ sNWNF oL Ny NRHS 4DE)
COMPCIi7F CUR IS /KFOLR KA JKG oK 34 K2 4K

COMMCN/23 5./ wt(LGus5) ETMIACC 50 »dMP(L00,5)
COMAON/PR.SZ/WZ(L3595) yWWZPLAL L 45)eAZPF(LGC,y 5)

COMMO./PS 53/F (.30 9%) oXFM (Luuel) yTMPLLED,R)

COMMON/Gz . MARRByUO 1 HLL yHIZ HEZ »A1L9Q22+2321013+D22,022

COMMCN/FALT /003400 ¢ 30 el LGy RDALsDACs0A39NA LG 032083434y XNILEXXP
COMMON/FACTCN /CLsClgCIeClyyCSeCH9C7 ¢ C8+CI9CL3,La1,4C12
COMMON/ZtEWPRT /7 JPS s INX XPX

ODIMcASION WSIMI ML) ebT (M1oM1) ,BGIML NRHS) +DE (ML 1)

BOUNCAFY CUNJITIONS <cE5%28+5T*2350

LS=1 FOR S3&  wWaMX=NXY=NX=0.
LS=2 FOR SSC WEMXSHXYSU=).

L

S23 FOR 350 ASMX=2VINXE=],

LSz FOF S DEN) ATV ENEN

(S

$36 FOR 2Ci WaWy XSNXY IXZ] o

LS=26 FOR Cc2 wWawW,X=NXYsU=2,

L

LS27 FOr CC3  W=W,x3VINX=Go
LS=2¢ FCS: .C& W, XV =Y=90,
S39 F(- - o Luir NXSNYXY3ILXxaMx=z(,

LS3iy FIR LY MMETRY NXY2RX =W ox 202G,
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853
854
855

856

872
873
9746
675
376
ar?
878
879
88¢
881
882
583

483

200
903




C LS=Ls FOF AKRT L. vt ‘ETRY  NXSMX3WIVY=(, 902
C  DALFAS(L.+XLi“MD)® (L oeYLAND) =XNT*42 903
C  OL1=DO*(L.+RHAQR+E(**2%XL QM0D® (1e *YLaMI=XNI®® ) €12,/ (XH*®28 0L FA)) 304
C  DL2=D0%XNI® (L +EXCEY YLAMCAXLAND®12, / (XNSS20DALFA)) 990s
C  OL3I=cX*XLAmM*(+YLAMD) /0uLFA 936
c DLez=xNL4Ex*XLAanD /DALF A 337
C DAL1=(1.+YLiity)/(0AFA®IXXF) 908
c DA23«XNI/({LnLFrR*ZXXP) 909
C 0A3=<(1.+vLAMI) ~EX* XLLMT/CALFA 310
C  DAG=XNI®*EY*YL.MO/E~LFA 911
C D323{1.+YLAF2) /(GALFACEXXP) 912
(v DBISXNI#EX*rL MOy DALFA 913
c DBl==(1.+XL."D) * Y*YLAMO/DALFA 314
c K6=o*KFQUK+2 315
Cc Ku=L8KFOURS2 346
Cc K3=3*KFOUR+2 917
C K2=2¢KFOUR 918
Cc K1=KFGCUR+L 919
L RCK=1,
C80T=().-0L4*DA2/7024)/7 (DL 1=-DL4%QA11/011)
c CORRLCT.O_ In A38) GA TeCh
IF(LS.EQ.2L)L.5=3 920
DO 4 I1=1.K6 g2
BG(Il1,MRHLI . . 922
DE(I1,1)=8.
00 1 J1i=1,Ké 323
BS(Iiedod=le 32«
BT(I1sJd2i)=0, 325
1 CONTIsLE 926
IF(LS.EQ.1U) LD TO 8E&S 927
IF(LS.Ci.® GG TG 16C 928
00 2 It=,K4% 929
2 BT (I1,11)=4, 330
IF (LS LE e IR.L3.GTLEY GO TO 200 331
! 888 J=0 93¢
? DO I I1:K3.K&4 933
. JEJ+1 336
' 3 8S(Ii,Jd¥=., S35
| 100 IF(LS.GT.=) GO TGO c8i 336
‘ : BT (K3,K3) =2, . 937
i ) IF (INXXF (L EQel OFINXXPX.EQuHp)GO TO 77
! DE (K3 ,41)==C80T*RCK
' BG(K-"’.):‘UQ
: GO 70 73
] 77 BG(K3,MRH3)=CHOT* XNXX*RCK
i 78 CONTINUE .
| K3L1sK3+1 . 934
¢ 00 § I1=KkK31+K4 : 939
, 8T (I1,I)01 9«u
BY(I1,Iisk&=K3)=0L4 942
! IF (LS EQed+Ox.L3.EQe3) 50 TO & 62
: I=slieKk2 963
: BT(IL, I1+K4=K3) =BT (ILols+KieK3)e]IB020Ch80L] Yl
! & CONTINLE 945
! 200 IF(LS.NE..3) GO TO 306 346
i E1=0L4/011%C10 . 9%7
| BS(3.,Kk3)=DL4-0LY/0.1%ALL 968
00 S JU31=1.,KFOUR 969
JSzJieeo 350
BS(19Ji+¢0) 30852y JieL)*EL2USOMZ(INIYI*! 951
BT(LyJ1+2)=PBT (L yJLieL) *ELPISO*HIP (INyJL+1) 952
BT (LXK 1eJ 1 3BT o KLieJoVeCLCOIS*W7P(INJ1e ) 953
! IFtin ez o) 0 1005 956
3SCisd1+2)=28S (1 4 J1eL) *ELYUS WM AN 141D 485
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12
300

87

88

97

13

BY (2, 44«41 707 {1y JJ1¢2) ¢ELPUS*UWMP (INyJL*L
BG (L ,NAHS) S6G (1 yNRHS) +EL*JST*WH(INs J1¢1) *WMP (INgJ1*1 }
CONTINUE
00 12 I132.K4
I1=I1-3 :
AS(I1,11+K3=1)28S(I1,11¢K3=1) 002
BS(ILl, I1+Kh=213B5(3%414+K4=2) +0Ls
00 12 J1=1.K2
BT(Ii,X1L+01)=87 (Il.Kthi)*010‘(&LE(I'J1.2,HZF.IN.NJ.NH.M}.)«
1 ALBUUI IS WZP ,iNNJINWe1,y 1))
CONTINYE
IF(LS.NE.9) GO TO 400
E1=0L4/021%QA 1
BT(1,K2)=DL4-E.
BS(K3,K3)=pU-=1
E1=CL4&4 /7 (DLIL*RK)
8T(1,.)==€2
IF CINXXPX EQe2«CR.INXXFX EQ4)GO TO 87
DE(191)==(0 .-DL4*DA2 /D11 ) *RCK
Dc (K3,2)=WZPUINyL)
BS(K3,4)==E1
IFCINXXOX.EQe 3 B5(K3+1) 3XNXX=~E1
IF(LN.EQ.2) GO TO 53
B3(K3, 1) =ANXX-§2 .
D3(KT,L)=vw PLIN4) +DE (K3 »1)
BG(R3 ;1) =BG K 3y 1) ~WMP(IN, 1) ®XNXX
GC TO &
B3(K2,1) SXNXX-E L
BG (K3+ NRRG) =~ XNXX *WZP (INy¢4)
BG(L NRHS) 2(0.~0LA*DAZ/D 11 ) * XN XX*RCK
CONTINUE
E1=3LL/3iL%Cli
DO & J131,KFOUR
JS=Jies?2
BT (1oJd1+)=BT L yJ1+l) tRL12US W Z(INsJ1+L)
BT(K3,J4+4) 38T (K3, J1+1)+E1*JS*WZIP(IN,JL+1)
BS(K3edJ1+1L) BS(KIJL1+2L)+EL4JIS*WZIIN,Ji+])
IF (LN.EQ.1) GO TO €
BT(1eJ1v.) 3BT (4 3 J1+1)+EL*USHWMIIN, J1+2)
B8G (2 MRAS) =BG (L yNRH3) +EL /2. YIS*WMIIN, L +1)%%2
BT(K3,J1-1)BT(K3,U1+1)+EL>JS*WMP(IN,JL+1)
BS(K3,J3+1) BSIKIJ1r1)+E1*US*WMIN,J1r1)
BG (K3 NRMS) =BGIK3 s NRHS)+E-. ¢ JS*WM(IN ¢ J2+ 1) *WMP (INyJ1+1)
CONTIANUE
DO 13 Is=2,K¢
I=]A~1
[S=Tee?2
BT (14, Ta4K3-1)=pL1
BT(I1,11)==]§%C9*PLL
BT (I1,i:vK4=1) Pl
8S(I1eK3=., 12 +K4=1)zDLG
BS(Iiek3I-Lyii+KI=1)3DL1
IF (INXXPX EQ.2.0R. INXXPX.ER.B3)60 TO 37
BS(IL+K3=1si1 )5=15%C9* (DL242,%0I% (1 =XNI) )& XNXX
BG(I1+K3=1,NRHS)Z=XNXXWZP(IN,I2)
GO TQ 1.
BS(i1+Ki=de i )==IS4CO* (DL 2+2.200% (Le=XNT))
IF(INXXPX.EQ.DIBS(L1+K3=1,14)2BSC(I1+KTm4922) ¢XNXX
ODE(I11+K3=344) SWZIP(IN,IL)
DE(ILeK3=2+4)=DE(BE+IGQ-1, 1) +wmP(IN, I}
IFCINYXPX FRe 2 BS(I2¢K3=14I4) BFS(IL1HKI=2s31) +XNXX
BG(I1vK3=2, 4 =BCII14K3=2, 1) =XNXX*HMF(IN,II)
CONT INUE
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& 00

21

a2

23

24

9

26

a7

28

30

b

I2-x.¢}

I3=1ceKi=-1

I[L=x3=-14

00 7 i1-1i&,13

I=11-K1

ISz [#e2

GO TO (21429 2392 4rcio 26437 +¢28424,30),4LS
BS(Ig4, K +1)=1.

BT(I1+I4,K1+1)21,

60 10 7

BS(I1,K1+1)=1,

BS(IivlayKuti =082

DO & J1=1.K1l

J=Jil=1
BS(IL1¢149JA)=BS(I1+I4J8)=CAD®(ALB (I sJs2o WZ JIN NI sNWyiel) e
1ALB (1oJr4sWZs INyNJINW141))

CONTINL-

IF(I.oT.KrJUR) 30 TO 7

BS(IL+IA K3+i)=8S(IL1+I14yKI+]) +083
BS(I1+16,1+4) =BS(14+14,1+42)=132C9%D34+1+/RX
60 TQ 7

BT(I1.x1+1)=1,

8T (Iiell,<b+riV=0L2

IF(I.uT.K“OUR) GO TO 7
ST(IL+I4,K3+0)=D83

GO T0 7

BT(Il,K4+2)==15%Cy+DA2

BT(Ii,Kk4+1) =DB2

BSUIL+I4 KitI1==I5%Cu® (Dnc+2e/7((1a=XNI)* XXP))
BSUIL+I4,K4+I)=0B2

D0 3 Ji1=i,KlL

J=Ji-1

BSCILeTly i)=oBS(IA+14eJl)~Cil0®CALB(IsIrls WZsININJyNNs4s1)+
L ALB(I v sésWZ sIMINJsNAsigl))

CONTINLT

IF(L.uT.KFOUR) GO TUO 7

BT(I14R3+.) VBEY

BS(I1+I4L,K3+1)=DB3

BS(ILeIb, 2+ )=BS(I4+ lsIi¢1)=1S%C9%034e1+/RR
6Q T0 7?7

8S(I1,K1L+]) =1,

BS(IieIh .Kievi =082

IF(I.CT.KFOUR) GO TO 7
B5(I1+I4,K5+1)=(R3

G0 10 7

BT(I1,xk4+T) 5L,

BT(I4«Ilb Kb+l )=0B2

IF(I.5T.KFQUR) 0 TO 7
BT(IL1+Il,k35+1)30B3

GO 1C 7

BTC(Il1sXK1+,) 2=152CI4DA2

BT (I1.K&~1) DB

BS(TLeThoKi ¢l )==iS9CI*(DAC+2e /({10 =XNI)SEXXF))
BS(IisleoKirl =082

IF(I.GT.KFOUR) 50 TO 7

B8T(I1,X3+I) =083

BS(ILeIl,K3+i =093

GO T0 7?7

BS(IL'KZ‘:’:lo

BS(IL+I4,ir.2DB2

00 14 Ji=_,KFCUR

BTAIZeI4yJ+203 T I ¢Ikod1¢1)=Cl0®CALE Ty 02 ¢ oWZPoTINJHNU Nug2ly))e

LALS 11y dlyt oW,y :Nv"J.Nh-lg‘),
CONTinLe
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AD=A116¢ 735 GEORGIA INST OF TECH, ATLANTA F/6 20/11
DYNAMIC STABILITY OF STRUCTURES: APPLICATION TO FRAMESs CYLINDR=-=-ETC(U)
FEB 82 6 J SIMITSES) I SHEINMAN F35615-79-C-3221

UNCLASSIFIED AFWAL~TR-81~-3155 .
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MICROCOPY RESOLUTION TEST CHART
NATIONAL HUREAU OF STANDARDS 1964 A




N BEEDCUUIENEERTL A S S RN ¢ ‘1Y ScR3 ¢ I 1)1 X]
7 COal.inlg
666 R TUKN
END
SUBROUTINE COEFFIENIEY ¢ XLAMD, YLAMDy RHOX sRHOY,ELAS) 1377
COMMON/GLOM /RRsO0 9 HLL s W12 HZO +@510Q124QcC D120 2,022 1378
COMPMON/FACT2/0L 35 DL2+DLIOL4+sDALDA2, 043, 0A 44 DPC /OB 3, 0BGy XNT,EXXP 1379
COMMON/CINTG/ HEQRPETWMI (5G0) 138u
COMMON/FINFR/ZDELTAMLY +GAL s AL C 9 BT 2, GA2 1341
COMPO.4/F CURIR /KFOLR 9 K6 oKl o K30 k2 ,K1 1352
! COMMON/F L TI/DLEs XL XH 1383
{ . KBZESKFOLReE 1334
Kb 3LOKFiUR¢2 1365
{ K323®KFOU<+2 1386
K2329KFOUR 1387
| ’ Ki2KFOUR+: 1588
' XN23XNI®®; 1369
| AH2=XH® 42 1390
. DALFAS (L.+XLAMD)® (Lo +YLAMD) =XK2 1391
; DOSELAS*XH®*3 /7 (12.2(1o=%XN2)) 1332
. EXXPSELAS* XM/ (L +=XN2) 1393
f H11=10 +3HOX 4L 20 S XOSZOXLAND 4 (L, +YLAMD=XN2)/ (XN2®DALFA) 1394
: H2232. $RHOY +1 2. *c V¥#C S YLAMD® (1. #XLAMO=XNZ )/ (XH2*DALFA) 1395
j H1221e¢1 2. *MNISEXSEYSXLANCOYLAND/(XN2®DALFA) 1396
i Q11 3XNI®EX® XLAM OV DALF 1397
: Q22 XNI%% Y*YLANL/DaLFA 1398
Q122203 ((1e +YLAMDI®E XPXLAND v (1. + XL AMD)EEVOYLAND) /DALF A 1399
D113(2evXLAMD V7 (DALFASLXXF) 190G
D22=(1 s+YLAMD )/ (DALF R ®SXXF) 1e01
012=((1.+XLANUT) # (L, +YLAWE) =XNI) /(DALFA®EXXP® (1o=XNI)) 16402
DL13DD*HiL 153
] OL23007XNI® G .+ (EX*EY*XLLMDOYLAND®*12.)/ (XH2*0ALFA)) 1404
i DL3I=LXOXLAMD® (1.+YLaMI)/DALF 1605
OL4Z=XNI®=X?XLAPD/DALFA 106
DL5300%Hz¢ 1407
OAL=(1+YLAND )/ (DALFASEXXP) 1408
DA2==XNI/(DALFAEXXP) 1469
DA3z=(1.+YLAMD) *EX*XLAMD/CALFA 1410
’ DAGLSXNI“EY*YLAN D/ DALFA 1011 3
0B23(Le+*XL Aty )/ (DALFASEXXF) 112
DB 3aXNDI*<X* XLAMD/DALF & 1413
0Buz=(1.+XLAMD) 2 YSYL.MOD/DALFA 14l &
HI(1)=2%K6 1415
MI(NEQPOT) =28KE 1016
NEQ1=NEQFOT~-1 1617
00 10 Ii=:,MEGH 1618
MICi1) =KE ‘ 1419
10 CONTINUE 1420
DELTASXL/(NERPQT=1) . , 1421
ALiz=2./7(c. 20l T2) 162¢
GALSL/7(2.°0ELTH) 1623
AL231e/(DLTASS.) 16206
BYT22=2 /0. Tihoeg 1425
GAZ23L./DELTA®**2 14L2€
RETURN : 1e27
ENOD 1428
. SUBRCLTINE COEFNN (N¥N) 1629
COMMON/GEOY/RRy DDy HL1 yH129HEZ 012,0129822¢0350012,082 130
COMMON/FECTOR/CA,C24C39C49C5,C64C79CB,C99C20+C219C22 1431
C9= (NNN/RR) ®¢ 2 1632
Ciapo*nts 1633
, C23:.,%00%H442%C9 Ladb
. C322.9612°C> 1635
| CazsuCoH227Cus*2 1436
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363
99

1%

103
105

110
112

170

502
168

116

115

136
135

630

CoCaad an®
Cé31le./71(Pr*a140%C)
C75Cy*%2/(2.4011)
Ca3Cz2Cy%*2

c10=Q0972.

C11=2.%39%0i2

C123022%C9**2

RE TURN

END

SUBROUTINE INVERT(NAsmoCy MeMMi NM2 s DET, IXP, I0ET)
DIMZNSION A (NBL oNM1) 4 C (NME) oM (NNZ)
DET=1.

IxPzg0

NN=NA

IF(NN.NE.1) GO TO 303
DET=al1,1)

A(ls1)=1.74(L #1)

60 TO 36«

D0 3G I=:eNN

H(I)=-1I

00 140 LIS1e0N

0=0.040

DO 112 K=1sNN

IF(={X)) 100,400,222

DO 1:i3 L=isNN

IF(M(.)) 4G 3» 203,110
IF(ABS(O)-AhS(A(K'l)))105o105-110
LO=L

KD=K

D=A (Ko L)

BI54=0

CONTINU:

COWTINUI

IF(O.EQ.C.00 GO TO L70

GO TO 188

WRITE (6,532}

STOP

FORMAT (/45X 4Dz TERMINANT (/)
NEMPs-M(LD)

M(LC)=V(KD)

. M(KD)=NEM?

DO 114 I=i,NN
C(Li=zA( , LD}
ACILDI=SCL KD
ACI,KDD)=5.00

A(KCsKC) =100

DO 115 J=l+NN
A(KC9JI=R(KCeJ) /D

00 :35 =4,
IF(I.EQ.kJ) GC TO 135
D0 13% Js1,NN
TEMFIC(I)*A (KD J)
A(IJ)ZA(L1+J) =TENP
CONTINU=

IF(IDST NELL) GO TO 240
0ET=08T*LivA
IF(KDNE.LOIDET 3=DET
IF(LBSCULTI LT LeE®LC) GO TQ 630
OET=DET/1.E+.0
IXP=IXPe1)

G0 TO &9

IFLABS(IET) GT.L.E=20) GO TO 140
DE"=D..T‘1-E'L {
IXPzIxP- 15
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1037
1638
1039
Lewl
1htl)
L
1463
Lkl
Leu5
1067
10606
1569
107C
1371
167
1473
I74
1075
1076
are
1078
1079
1380
1488
1382
1083
LyBb
1J85
1J4€
1087
ivas
1429
1390
1092
1092
1093
1094
1395
1096
1097
1098
1099
1146
1161
1102
1193
1104
1185
116¢€
1107
1,08
1109
1116
1111
1112
1413
1116
1115
114 €
1117
1.0
1119
1126
112:




140 CONT iUt 1122

00 240 I=1,NN 11¢3

L=d L1lce

150 L3, ) 1¢S5

IF(M(L)=-I) 254926(,150 : . 112¢€

168 ML) =1 (D) . oL 1127

MiI)=i 1128

00 2ud J31o N : 1129

TEMFzA (LY J) 1130

0 AL, J)Za(Ied) 113
200 ACI,J)=TEMP 1132

364 RETURN . . 1133

END 1134

’ SUBROUTING YMY(HL gAs39CoNSobllsl2ol3HT) 1135
f . DIMENSION A(LAeLi) o6 (LA4L Y sCULESL2) T ILI) 113¢
[ IFI(NC.EQ.2) GO TO 21406 1137
, 00 11 I=1,Ni . o 1138
) DO 106 J=2i.N2 1139
i TEM#=0. 1140
! DO 20 K=1,Ni » 1162
: 20 TEMP=TENFeB (I KI®C(KyJ) . : 1162
: 10 T(J)=TemP 1163
: D0 30 J=1,N2- L 1166
: 30 A(I,J) 2T (J) 1145
11 CONTINUE L1466

RE TURN 1167

100 DO 111 I=i.Mi 1148

TEMPSS, - 11469

00 120 K*i,W4 . 1150

X 220 TEMFSTEMF+3I(] +K)®C UKyl ) 115.
i 111 T(I)STENP - v . 1152
00 130 I=1,N} 1153

130 ALI,1)2T (1) 1154

RE TURR 1155

ENO 115¢€

SUBROUTINE YSYHY(NZy ML +AsS+sCeDoN3pLisL2e03900,sT) L2157

DIH;&SZOh Al L A3 eB Lol 3) oC L1l 2)0(LoL3) 4T ILG) 1158

IF(N3..Q.1) GO TO 140 1159

00 11 I=4,N2 1108

00 iG J=14N3 1161

TEMPEY . . 1162

. DO ZC x=1,N¢ : ‘3263

20 TEMFZTEMP+C (I +K)*D(K9J) 1164

10 TtJ)=8(I,J)-TEMF 1165

00 30 +=L1.NJ : . . 1166

30 ACI, ) =P(D) 1167

11 COxsTINUL . . 1160

RETURM 1.69%

160 020 11! I’l'hﬂ_ 117¢C

. TENFz0Q. 1171

DO 225 X=_,N2 1172

120 TEMPaTENP+C (L 4KI®D(Kpa) 1173

. 111 T3 (1, A)=TEMNP 117

00 13J J=:,Nd 117s

130 ACI,3) 2T (1) 117¢€

RETURN 1177

' END 1.78

SUBRIUTIIZ YAYNIVLIV2sd o NLoNCoMLoN2oM3 oMM T)
c VL3 (L,N2I2V21a, NLYSA(NL,NS)

OLMENSION Vi (2oMADoVi (LoM1)yA(N2oN3) T (Mu)
' 00 13 Jsi.NQ
| TEMPaC.
' DO 20 K=ioNd
' l 10 TEMPETEMPOVL (14K )44 (Kod)
!
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10 Vi) =Teme
0G o0 J=i.NC2
30 viti, =Tty

RE TURN
! END

SUBRCUTINE PCTERS(IDET o NRHS JMAXNAP sBPCP oG FyFRe XP s CoMT oT 10 1179

1 VIeMAXZ sJXPM D TMeXNXRe LNy NJ yNWoNF oL Py OP)

C  MAX2=MAXN®MAXN 1181

s C CHANGEC EY SHCINMAN IN OCT 1930 FOR MARIX WITH D¢
! C LP IS THE CO.UMN OF DP
. "¢ LP=20 FCR THA RIGULAR FORM MITHCLT OP
; € LP SUPFGSE TJ 3£ GT.Z2 ANO LT NSQFOTeg
) c JPS IS THE COLUMN NOo. OF 0P CW WHICH THE TERMS ARE NONZERC ’
i COMMON/NEWP T/JIPS JINXXEX

COMMUN/CINTG/NEQPOT M1 (50C) ’ 1162
g COMMO:/CO:5K/ 12215010 9 122(502)41235¢501) 1183 )
1 DINENSION AF(MAXN,MAXN D¢ BF (FAXN,MAXN) ¢CP{ MAXNyMAXND 1184
: OIMENSION PRINAXE MAXND«GF (MAXNoNRRS) o X P (MA XNy NRHS ) 1185
: DIMINSION T1(MAXND oC (MLXN) o MT (MAXN) , VL (MAX2) 1186

OIMENSION GP (MAXN s 2) sEP(5Z+10eVBL(1452)y VB2(L,52)

: c EQUIVAL:INC: (AP (L42),V4(1)) 1187
. IF(LPeNEeio ANDLPeNECZC e ANDoLPeLTeNCEQPCT=11G0 TO 7C
WNRITE(eV74)LP
7L FORMAT(/74iX +™LP="3I5,5X,*ANC LTS SUFPOSE TU B¢ GT«2 AND LT

1.NEGQPOT=1"")
STCP
70 CCNTINVE
Ri=31e0
IXPH3G 1188
OeTH=L, 1189
DO 30U I3, ,NZGPCT 1190
CALL ASCG(IQHAXVQCP'aPoﬁFQGFQNRHS'XNXX'L'\.“JQHQNF'LP'DP'
N3MI(1) 1192
IF(LF.£Qe0.CReIelLToFe2) GO TO 80
00 & Ki=1s0
i & GP(X1,1)=0P (K1,y1)=0P(K1sL)%VG61
! ! 80 IF(I.£Qe1) GG TC 888 . 4193
; NMINL=MIC(I=Y) 119
! 688 IF(I.EQ.NEQFQT) GO0 TO §99 1195
NPLUS1=MI(I W) 1196
999 CONTINUZ 1197
IF(i.eQ.L) GO TC 12 1198

CEFCLP o Qel s0ReI+LToiP+Z) GO TO 61
00 € XK.3L4N
€O 5 K2=i,NHINL
5 CPIKE JK2IZCPIKL¢K2)=0F (K19l)®VB1 (L,K2)%RY

{
|
1
* RiseR1 . _
61 CALL YSYMY (MIINL,NeBP 43P ,CPoPRyNgMAXNINAXNy MAXN, MAXNg T3 ) 1199
22 CALL INVERT (N «5PeCoMT o MAXH,MAXNLDET o IXPLIDET) . 41200
IF(IC_T.NE.1) HU TO 640 1208
DETNM=DET# ] T 1202
! IXPM=IYP+IXPH 1203
; IF(ABS (DETMIoLT2.E*1u) GO TO 630 1204
i OETMZDETM/L £ »10 1205
} IXPNSIXPM+10 : 1206 '
| GO TO0 640 1237
i 630 IF(A3S(DETM) 6T 1.E=15) GO TO o4&l 1208
DETM2OSTM* 2 6 ¢14 1209
IXPMsIXPM-10 121C
64" CONTINUE 1211
IF(I.LGC.HEQAPOTY GO TO 192 : 1212

! IFCLaNELP=39GC TO 77
CO 37 Ki=l,N
! N0 37 k3L .NM4IN
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37 AP(KL 4 IPSYZaP (K1, JPS)=CP K LyK2) O PIKLy )
77 CONTINCE
CALL YPY(NgFReSFeAPyNPLUSLI s MAXNMAXNyMAXK,T2)
CALL XWRITE (L ooPRoeNsNPLUSLeMAXNIMAXNeIyNAX2 ,¥1)
IF(LF.EQeCaCRelonToPIGC TO 102
IF(IGE. P+ c¥GO TO 3060
IFLI.EQ.LP+*1)G0 TC 29
00 & K1=1,NP.USL
6 VB1(1,K1) SPR{IJPSKL)
G0 TC 3J2
290 CALL YNYNIVBZ oV3Le PRoNINPLLUSLyMAXN g MAXN gMAXtoMAXN,T )
KNS=N2LUS:
GO TC 402
300 00 7 xX§131,KNS
7 VBLIL KISV o2(L4K1)
IF(I.EQ.NE4P0T=21G0 Tu 1G2
CALE YNYH WWB29V31L PR yNgNPLUSLyMAXNGMAXN gMAXNoMAXN,T L)
KNS=NPLUS Y
102 IF(l.cC.2) GO TO 32
CALL YSYFY(NMINLeNXP 4GFyCPXF, NRH;vHAXN.NﬂXN.NRHS.MAXN.T1)
CALL YMY CigXP ¢3¢ XPGNRPSy PAXN¢NRHSy MAXN,T 3)
IF(I.EQ.NBQPOT) GO TO &2
IF(LPJEQ0.ORILT.LP) GO TO 90
IF(IevELPr2)160 TO 350
IF(I..0.LP+4)G0O TO 360
VGLzXP (JP3, )
vG62=vGl
¢0 TC 90
360 00 1¢ Ki=i,N
19 VGZ=V62=V3i (L+sK1)2XP (K1s1)
GC TC %0
350 VG13VG2
IF(I.EQ.NEQPOT=1) GO TG w2
00 21 K131,N
21 VGZ3VH2aV31 (L1 K1I¥XP (Kiel)2KY
940 IF(LPEQel e DR ZeGTLF=EYG0 TO 62
CALL YSYMY (NWMINL ¢ NoEPsDP s CFoEP o iRHS oA XN 9MA XNy NRHS yMAXN, T2)
CALL V"Y(No!?osp'EF'NMS'HAXNONE"S'"‘XN'T‘,
CaAiLl XARITE( 23,EPyNyNRHSyMAXNoNRHS » IT/MAXNy T))
.60 TO w2
32 CALL YRY(NyXP JBPyGP NRPS s FAXNSNRAS g MAXN T 3)
IF(LP e Qel )60 TO w2
CRALL YAY Q. oo FyBFP 0P o hikMS yMAXNJNRHS ¢ MAXN, T1)
CALL XWRITE(ZIoEP I NINRHS ¢MiuXNyNRHS I oMAXN, T4}
42 CALL YWPITL (2o XPoNoNRPSyFAXNGNRNS 9 LoMA XN ST L)
100 CONTINUE
MEQFOT =NEQPOT -1~ .
D9 200 x=.,MEQPOT
NKsSNEQPOT=K
NMINI=M (vK)
NaMI(NK+l)
CALL XREMN (2L ¢PReNMINL oNoyMAXN yMAXN NKogMAXCy VL)
CALL XREAD(ZZ +GPyNNINL yNRAS MAXNINRHS 1Ko MAXNST2)
CALL YSYMY (Ne iiMINL2oXP oGP o PR oX P o NRHS ¢ MAXNy MA XM ¢NRAS s MAXN 4T 1)
IF(AK NSl PY GG TO 70
VGLiSXP(JFS «3)
r IF(LF-LQ.G.uR.NK.GT.LP-Z)GO T0 62
CALL XR!AD (zgoiPo""I;‘L'Nl”SwaN|NRHS'*'"“N"1'
00 &7 K13l ,NMIN2
27 XP(KL oo )3XPIKLI9II=ER(KLe1)2VGL
92 CALL XK-ITi(2ZoXP yNMINS,NRHSPAXIsNRHS) NK s MAXN,T)
200 CONTINWE
RETLRAN
END

1213
121 4

1215 ;
1216 '
1217

1210
1219

1226
1222
1222
1223
1226
1225
122¢
1227
1228
1229

1236
1232
12382
1233




SUBROUTIN: XFLAD(ND A ool 2eM19M2,INDIMI, VY)Y 1236
COMMON/CDISK/Z122(804)5122(502),12315u2) 1235
DIMSASTION AN, i) UVIFI) 123¢
[ RECORE I.su UF UIRECT ACCcSE OATA SET NO IS Reub ANG ALLOCATZO 1237
C BY ROAS INTC L1%L2 PCRTION CF MATRIX & 1238
L3IsLi%g2 1233
CALL READMS GeDy W L34 IND) 124¢C
i KL=3 1241
; 00 10 NPC4d33,L1Q 1242
' 00 1L MCCo32ee2 1263
! KL=KL+t 1264
ACNROWINCUOL)= WV IKL) 1245
} 10 CONTINUE 1246
1 RETURN 1247
i END 1266
: SUBSOUTINE MRITEIRND9A oL ol o MioM29 INDy NI HVV) 1249
| COMMON/CRISK/ T24¢C010) 4 122¢501),1c3(501) 1250
. DIM=NSION A(MaiM2),VVIMI) 1251
' C L1%L2 FORTILN OF MATRIX & IS WRITTeN BY ROWS ON DIR.CT ACCESS 1252
: [ DATA Se7 NU IN FICORC INOD ) 1253
' vy =0 1254
: 00 Aag NROd=.oL. 1255
00 16 NCOL-.o - 1256
KL=KL+1 1257
VYV {XL) 25 (NRUW sNCCW) 1258
10 CONTINUE 1259
CAL. WRITMS(NUs W yKL4INDy=L) . 12643
RE T URiv 126¢
END 1262
/EOR
EXAMFLE 1 R/K=2350Q L/R=1. NZ=5
35'1'3'3'0'5'&

bogbosdeudBeliiSuivLleosuedeled
0e90e00e9GCesCenle

2929291391,
Le05¢90c¢015e95e92i0 «PWestCo
1929291

S04

1

EXAMPLE 1 R/r3533 J/R=2s NZE
35'{03v310'10i
bookeoBoddoeli5+3ULLee0e3gded
OO'GDOOOOGQCCOQQA.

2929248891,

10695690 0901506954990s 930000606
19029202

69041

1

EXAMPLE 1 R/H3500 L/RS1. h27
35919303 000i9l
bogbee003c0ei.5,0000090edvinld
{ o.'GIOOO'GcOCinc

2020291844, .
1..5090003‘003..900035000600
1024202

70008
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